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Abstract
The inflation equation, more commonly known as the Phillips curve, lies at 
the heart of modern macroeconomic modeling. This Keynesian relationship 
between inflation and unemployment discovered by Phillips (1958) soon be­
came widely adopted by policymakers in the 1960’s. However, its empirical 
shortcomings led to competing theories such as the natural rate hypoth­
esis by Friedman (1968), who alongside Phelps (1967) and Lucas (1972), 
condemned its implications of money non neutrality. More recently, the 
speciflcation has adapted to capture nominal inertia led by the New Keyne­
sian school of Fisher (1977) and Taylor (1980), as an answer to the classical 
result of neutrality. The Phillips curve remains as a relationship of inter­
est to capture the aggregate behaviour of the supply side in the economy, 
connecting the labour market and the pricing decisions of flrms.
This Thesis consists of three self contained works, each of which are 
set out within their own chapter but connected by the employment of the 
theoretical framework of this inflation equation. They attem pt to answer 
three speciflc economic questions related to inflation dynamics and labour 
market frictions. The first analysis concerns itself with the labour market 
policy of the working hours restriction; specifically with the question of how 
this labour market policy affects unemployment in the long run. I find weak 
evidence of a fall in unemployment shortly after the announcement of this 
policy. Secondly, whether or not one can capture the different characteristics 
displayed by the labour markets of the US and EU using labour market 
frictions in the determination of inflation dynamics. Our findings lead us to 
the conclusion tha t it is indeed possible to  capture these characteristics when 
analyzing a Phillips curve specified in terms of unemployment. Lastly the 
question of whether aggregate prices are better represented by controlling 
for heterogeneity. The results obtained lead us to infer tha t controlling for 
heterogeneity of this kind does indeed affect the dynamics of the macro 
model and does not wash out in the aggregate.
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Chapter 1
Introduction
The main contribution of this thesis is to highlight, and to  offer some contri­
bution to, the issue of how the inertia observed in aggregate data  should be 
channelled within the modern breed of macroeconomic models. The Lucas 
critique demands a theoretical micro-foundation to  the structural equations 
which represent the supply and demand sides of the economy, but is this 
enough? Micro-foundations to aggregate representations should also ac­
curately describe the micro level evidence, else risk an over estimation of 
a rigidity th a t the model is designed to  capture. The policy implications 
drawn from model enrichment and innovation could, perhaps, be better 
justified if motivated by the stylized fact.
This Thesis consists of three self contained chapters th a t attem pt to  
answer three specific economic questions related to infiation dynamics and 
labour market frictions. These questions can briefiy be described as; whether 
working hour restrictions affect unemployment in the long run, whether or 
not one can capture the different characteristics displayed by the labour
markets of the US and EU using labour market frictions in the determina­
tion of inflation dynamics and, finally, whether aggregate prices are better 
represented by controlling for heterogeneity in the New Keynesian general 
equilibrium framework.
The questions addressed in Chapters 2 to  4 use a methodology linked 
by an analysis evolving from the inflation equation, more commonly known 
as the Phillips curve. This equation describes the relationship which is 
believed to exist between inflation and unemployment, at least traditionally. 
The introduction of the New Keynesian version, the NKPC, replaced the 
driving variable of unemployment with the output gap and provided a more 
appealing tractable micro-founded derivation for this curve. The NKPC’s 
failure to generate the kind of persistence seen in the macro data  is well 
documented and consequently a hybrid version, which includes a backward 
looking element in the determination of inflation, has been employed to 
satisfy the need for a better fit to the data. More recently, the Phillips curve 
has evolved to capture some nominal inertia through a sticky speciflcation 
for marginal cost. This version is more consistent with the stylized fact than 
the short lived ‘hybrid’ version which has suffered criticism for being ad-hoc 
in nature and incorrectly channelling the aggregate inertia displayed by the 
data. A Phillips curve, capturing labour market frictions, through marginal 
cost is derived and adapted in Chapter 3. fhom its inception, in 1958, the 
Phillips curve remains a relationship of interest to  capture the aggregated 
behaviour of the supply side in the economy, connecting the labour market 
and the pricing decisions of firms, which in turn  drives inflation in the New 
Keynesian framework.
It is my entrepreneurial background of the last twenty years th a t has 
driven my interest in this area of economics, specifically the way th a t labour 
markets respond to changes in the economic environment, and how the 
choices of the supply side are modeled in macroeconomics. I firmly be­
lieve th a t there is much work to be done in the area of modelling firm 
behaviour, especially at the aggregate level description of the observed in­
ertia in the economy. I am also encouraged by the importance attached to 
macroeconomic modelling in the area of monetary policy, more recently. My 
interest in the labour market began with the observation and subsequent 
investigation in the way th a t employment reacted to a legislative labour 
market policy in Prance. Despite this work sharing policy, much criticised 
by economists as a futile attem pt to decrease unemployment, productivity 
remains higher in Prance than in countries who do not limit working hours.
Chapter 2 concerns itself with this subject, or argument over the employ­
ment effects of a particular labour market policy known as a working hours 
restriction (WHR). This policy is a legislative, rather than fiscal, means 
of sharing the available work in the economy among a greater number of 
people, with the obvious implication of a lowering of unemployment. The 
findings of the research in this area, to date, have found the effect of this 
labour market policy on unemployment to  be mainly ambiguous or even neg­
ative. The work in this chapter asks the economic question of just how the 
working hour restriction affects the natural rate of unemployment in France, 
thus a long run investigation. I use an empirical approach to examine the 
long term  effects of the WHR on the French non-accelerating inflationary 
rate of unemployment (NAIRU), rather than the immediate effects on the
level of unemployment (or the scope of the literature to date). Clearly there 
are many other effects on unemployment other than labour market policies 
and therefore this chapter also attem pts to  control for supply side shocks, 
towards the measurement of the success of the WHR. In this vein I esti­
mate a French NAIRU using a Kalman filter method applied to a Phillips 
curve model using French unemployment, inflation, import price and oil 
price data between 1978 and 2006. The Kalman filter technique conve­
niently allows the joint estimation of the theoretical model and unobserved 
stochastic process th a t is the NAIRU. The specification of the Phillips curve 
for this study borrows from a version known as the ’triangle’ model, see Gor­
don (1997), which itself is an interpretation of the accelerationist Phillips 
curve model. This specification is admittedly ad-hoc, but also convenient 
in tha t it allows a multivariate approach so tha t the supply side shocks 
can be taken into account. The resulting profile of the French NAIRU is 
then analysed around the introduction of these restrictions and suggests a 
fall in the NAIRU and unemployment rate since the announcement of the 
Aubry law tha t subsequently enforced the recent WHRs. The Zivot An­
drews test, given the endogenous choice of the break point, supports this 
observation. Furthermore, the inferred profile also highlights the different 
manner in which the authorities announced these restrictions, namely th a t 
unemployment reacted negatively to the unexpected WHR and positively 
to the subsequently preannounced and expected restriction. However it is 
im portant to stress the limitations of our empirical methodology which rely 
on empirically testing an already estimated series. The findings are thus 
weak, but interesting.
Chapter 3 is the linking chapter in this thesis because it brings together 
my interest in unemployment and the description of inflation dynamics. In 
this chapter I ask the economic question of whether or not labour market 
frictions m atter for inflation dynamics and whether these frictions can be 
modelled in such a way to capture the differing characteristics displayed by 
the US and EU area labour markets. The original Phillips curve expressed 
inflation dynamics in terms of unemployment, but has more recently been 
developed as a structural equation within the modern New Keynesian macro 
models. Since its inception the (NKPC) has commonly described inflation 
in terms of the output gap. However, more recent studies have written the 
inflation equation in terms of marginal cost after evidence from Cali and 
Gertler (1999) th a t it exhibits a more empirically contemporaneous relation 
with inflation. As the more recent New Keynesian macro models are now 
exploring the inclusion of labour market frictions as a source of inertia, the 
New Keynesian Phillips curve now follows its founding speciflcation, once 
more, describing inflation dynamics in terms of unemployment, albeit now 
as part of marginal cost.
It is well documented th a t the standard New Keynesian model suffers 
criticism for its treatm ent and description of inertia and also the absence of 
any inefficiency in the labour market. Recent work by Blanchard and Cali 
(2010) and Trigari (2006) address this by incorporating some explanation 
for unemployment in the model, albeit with slightly different approaches. 
Both approaches introduce labour market frictions, or unemployment, mod­
elled to channel inertia through marginal cost via a wage wedge tha t must 
be bargained for between household and firm. Just how important, these
labour market frictions, are for the determination of inflation dynamics is 
the subject of recent macroeconomics debate, see Krause et al. (2008) and 
Christoffel et al. (2009). By allowing the marginal cost element of the 
NKPC to display inertia of this kind, one can also reduce the role for an 
intrinsic inflation element in capturing the staggering of prices displayed by 
the data, one of the issues discussed in Chapter 4.
This evolution of speciflcation alongside the recent interest in the slope 
of the inflation equation presents an interesting question of whether or not 
labour market frictions, channelled through marginal cost have a signiflcant 
impact on inflation dynamics. The model borrows exactly from Blanchard 
and Cali (2010), who managed to capture the differing labour market char­
acteristics between the Euro area and the US, Chapter 3 presents a fully 
specified New Keynesian general equilibrium model. The model includes a 
New Keynesian Phillips curve with unemployment driving inflation dynam­
ics which accounts for the labour market frictions specifled. The method­
ology in this chapter shares the theoretical form of the Phillips curve in 
Chapter 2. This time, however, the Phillips curve is microfounded, as op­
posed to ad-hoc, in a general equilibrium framework. This labour driven 
inflation equation is then estimated in reduced form by General Method 
of Moments (GMM). A consistent Ordinary Least Squares (OLS) regres­
sion for a single equation relies on the assumption of orthogonality for the 
regressors in tha t equation. Unfortunately it is well documented th a t the 
NKPC suffers from an inability to meet this condition, see Gali and Gerlter 
(1999) and Zhang et al. (2007) for a discussion. Under certain restrictive 
assumptions the inflation equation can be simplifled to describe inflation
by the level and change in the unemployment rate alone. The novelty of 
our approach is the estimation of this simplified form alongside its exact 
counterpart in order to compare findings with recent studies th a t compare 
the flexibility of labour markets in the Euro Area and the United States. 
This approach of single equation estimation, rather than of a fully specifled 
DSGE model has the drawback th a t the observed disturbances from the 
demand side can not be accounted for in the specification, and the bene­
fit of avoiding mis-specification spillover from other structural equations in 
the estimation. Our approach also avoids the need to specify the distribu­
tions of the estimated parameters, as required by Bayesian estimation. The 
parameters of interest for the simplified and exact form are estimated by 
(OLS) and (GMM) for both the Euro Area and the United States, notori­
ous for their stark differences in labour market flexibility. For robustness 
we also estimate the same equation for a sub sample, from 1984 onwards, 
after a preliminary check for a break in the inflation and unemployment 
time series. For the simple reduced form we find that, over the whole sam­
ple, current unemployment in the US has a stronger effect on inflation, 
consistent with a more flexible labour market. For the Euro area, these 
results indicate a stronger effect from the lagged change in unemployment, 
highlighting the contrasting and sclerotic nature of the labour market in 
Europe. The results for the sub sample produce similar conclusions, but 
with less consistency. For the exact version on the NKPC the results are 
mixed and vary significantly over the sample period. Furthermore, we find 
tha t labour productivity has a higher effect on inflation in the EU than in 
the US, which is consistent with the recent consensus on the importance
of modeling labour market frictions and implying th a t Europe has a higher 
degree of real wage rigidity.
Chapter 4 encompasses my interest in monetary economics, or specifi­
cally in the price setting behaviour of the firm in the New Keynesian frame­
work. The analysis is once more centred around the Phillips curve, though 
this time through a microfounded specification set in a dynamic stochastic 
equilibrium model (DSGE). There is little consensus in the business cycle 
literature on just how the description of inflation dynamics and its connec­
tion to the firm’s pricing decision should be modelled. Another problem for 
the modern macro models is the inability to accurately predict the micro 
level, or observed, behaviour of the individual firm. This chapter’s inter­
est lies with the contradiction presented by the predictions of the Calvo 
contract and the actual behaviour described in the micro level literature. 
The accurate description of price stickiness, or the lag to which prices re­
act to a monetary policy shock, in the economy is of key importance to 
those drawing normative implications from the models used to describe 
such a phenomenon. However it is well documented th a t the standard New 
Keynesian (NK) model suffers an inability to generate as much inflation 
persistence as th a t displayed in the observed fact. Attem pts to  address this 
problem include employing various competing state and time dependent mi­
cro foundations and even empirically appealing ad hoc adjustments, such 
as the backward looking element in the ‘hybrid’ NKPC. The widely pop­
ular Calvo contract pricing mechanism, whilst appealing in its tractability 
and aggregate approximation, predicts a flat hazard rate of price change, 
suggesting tha t all firms face the same probability of price change regard­
9
less of contract duration due to the assumption of homogeneous firm types. 
However there is a growing micro level literature tha t provides ample evi­
dence of downward or upward sloping hazard functions of price change tha t 
challenge this prediction, see Angeloni et al. (2005), Dias et al. (2005), 
Alvarez et al. (2005), Baumgartner et al. (2005), Nakamura and Steinsson 
(2008), Campbell and Eden (2007). This new evidence can be modelled by 
applying a heterogeneous form in probability of price change and the model 
estimated to investigate the aggregate effects of allowing for non identical 
firm types.
The explanation of the evidence provided by the micro level literature 
motivates this chapter to accurately model the persistence in a structural 
manner. By relaxing the homogeneous firm assumption in the Calvo con­
tract I attem pt to  provide a macroeconomic model more consistent with 
this recent evidence. A fully specified baseline New Keynesian dynamic 
stochastic general equilibrium model is developed with sticky prices for the 
US which is estimated using Bayesian techniques with three key economic 
variables: output, prices and the nominal interest rate. The preference 
for a Bayesian approach to our estimation of the model is th a t it can uti­
lize prior information, or beliefs, to characterize the posterior distribution 
of the models structural estimated parameters and additionally provide us 
with a posterior odds analysis to imply probabilities th a t can be assigned 
to competing models. This methodology contrasts with Chapter 3 in tha t 
it utilizes a full information approach, where real inertia and shocks from 
either side of the economy can be correctly channelled into the description 
of inflation dynamics. O utput is driven from its natural rate by shocks to
10
monetary policy, productivity and government expenditure. To facilitate 
the innovation, Calvo’s assumption of homogeneous firm types is relaxed by 
adapting the standard aggregate price mechanism to include a flexible price, 
and rule of thum b pricing sector in the model, an innovation tha t Smets 
and Wouters (2007) acknowledge as a possible fix to the inability of most 
macro models to  explain the higher frequency of price change displayed at 
the aggregate level.
Enforcing a flexible price sector on the aggregate price mechanism in a 
model which relies solely on Calvo pricing to explain inertia can only worsen 
the fit to the data. The innovation can only be tested by measuring its effect 
in a set of nested models which allow for further channels of inertia, such 
as output persistence.
This outcome should lead us to question the exact source of inflation 
persistence within a modelled economy and just how tha t inertia should be 
represented in the modern macro models, see Blanchard and Cali (2010) and 
Riggi and Tancioni (2008) for a discussion on real versus nominal rigidities. 
To address this I include another model type with which to test the innova­
tion which includes a channel for real output persistence, more commonly 
known as habit persistence. Loosening the reliance on the Calvo contract 
and providing another channel for inertia should, intuitively, reverse this re­
sult. We find th a t a simple baseline model th a t incorporates heterogeneous 
price setting can improve overall fit, or the ability to describe the inertia 
within the data, depending on the speciflcation or model type chosen. The 
estimates predict a flexible price sector in the US of around 6% and a sticky 
price sector of around 55-70%. Although a model without the flexible price
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sector is preferred initially over the baseline case, the inclusion of habit in 
consumption to our model reverses this result so th a t the model with a 
flexible price sector is preferred over the baseline with habit. Furthermore, 
for the models with habit, the innovations substantially increase the persis­
tence of monetary shocks, a finding similar to Carvalho (2006) who finds a 
more persistent response of real variables to monetary shocks.
Importantly, adding another channel for inertia in the form of habit in 
consumption switches the innovation suggested from one th a t can not im­
prove model fit to one th a t can. This result highlights the need to specify 
real and nominal rigidities correctly, especially in partial equilibrium studies 
and has consequences for future macroeconomic modelling. The innovation 
can not claim to be an answer to this problem but does provide us with en­
couragement to  investigate the problem of inertia channelling further, given 
the popular outcome of an improvement of model fit. Micro-foundations to 
macro models need to be more than an answer to the Lucas critique and 
perhaps motivated by the stylized fact.
W hat follows is three separate chapters linked in their use of the theoret­
ical framework of the Phillips curve. The first on working hour restrictions, 
the second using the inflation equation to measure the difference in the 
above discussed labour market characteristics and the third proposing a 
heterogeneous explanation for the aggregate pricing mechanism motivated 
by the recent micro literature.
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Chapter 2 
The Long Run Effects of 
Working Hours Restrictions on 
the French NAIRU
The following chapter uses the theoretical framework of a traditional Phillips 
curve and the empirical methodology of the Kalman filter to investigate the 
effects of working hours restrictions on the French natural rate of unem­
ployment. Due to the nature of the methodology the results can only be 
described as weak, but nethertheless interesting, I hope.
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2.1 Introduction
Few labour market policies have attracted such qualified criticism as th a t of 
the working hours restriction (WHR). These policies legally limit the num­
ber of hours an employee can work in any given week. The immediate aim 
of these policies is to reduce unemployment or to  share the available work in 
the economy between a greater number of employees. The intuition follows 
the argument th a t there is a fixed amount, or lump of output, within the 
economy and by reducing/rationing the number of hours an individual can 
work will, in turn, increase the number of employees required by firms to 
carry out the available work. Those th a t would advocate the use of such a 
policy could argue th a t there will be an efficiency gain as the implication of 
working hour restrictions is an increase in relative productivity. Commen­
tators have referred to  this as a ‘work/life balance’.
Amongst a handful of European countries France, in particular, has ex­
perienced a consistent implementation of this labour market policy since 
1974, rather than employing the active labour market policy (ALMP) ap­
proach to reducing unemployment, described below. Whilst we are yet to 
see conclusive evidence of the success of this policy it could be argued tha t 
this approach to labour demand manipulation is less complicated and avoids 
the sort of unwanted distortions caused by some of the ALMPs employed by 
other governments, for example the UK’s ‘New Deal’, introduced in 1997. 
In France, during the nineteenth century, the working day was as high as 12 
hours but by the turn of the twentieth century had been steadily reduced to 
10 hours. By 1974 the maximum working week was 48 hours in France and
14
by 1981 had been steadily reduced to 40 hours by the left wing coalition, 
the Popular Front. In 1982 Francois M itterrand announced an unexpected 
working hours restriction from 40 hours to 39 hours. After the observed 
rise in unemployment, the socialist government gave full debate and prean­
nouncement to  the following restrictions to  35 hours enacted by the laws 
of Aubry I (June 1998) and Aubry II (January 2000).^ Firms employing 
more than 20 employees would have to  comply with this restriction by 2000; 
small firms by 2002. Employees required to  work longer than 35 hours are, 
as a result, entitled to a premium hourly rate for overtime. Aubry II was 
introduced to help small firms adopt the regime change, effectively watering 
down Aubry I, see appendices for more details. Unemployment in France 
is still persistently high despite the adoption of W HR’s, although it has 
been declining since the late 1990’s. This history of adoption of the WHR 
in France provides us with a rich source of facts enabling a viable analysis 
and investigation of this labour market policy, much debated in recent lit­
erature, thus this study will concentrate its efforts on France for the period 
between 1978 and 2006.
In contrast to our country of interest, other countries such as Swe­
den, Australia, US and the UK have adopted active labour market poli­
cies (ALMPs) as the preferred tool to encourage the short and long term  
unemployed back to work. An example of this is the New Deal program 
in the United Kingdom which has reduced long term  unemployment and 
halted the rise in short term unemployment. Unemployment in the UK has
^The decision to provide firms with time to adjust to the policy announcement is a 
central issue discussed in this work following from Crepon and Kramarz (2000).
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been steadily decreasing since 1997, although it has risen recently. Critics 
of working hour restrictions point to  the successes of ALMPs, but working 
hours in the UK are increasing whilst leisure is declining. The trend in 
increasing working hours is particularly prevalent in the United States, see 
Schor(1991). Over-reliance on these policies can also lead to persistence 
of long working hours, see Tseng and Wooden (2005) or Drago, Black and 
Wooden (2005) for a comprehensive discussion.
This study uses a statistical approach introduced by Kalman (1960) 
and Kalman and Bucy (1961), known as the Kalman filter process to esti­
mate the French non accelerating infiation rate of unemployment (NAIRU) 
as an unobserved stochastic process using French unemployment, infiation, 
import price and oil price data  between 1978 and 2006. This method is 
convenient in th a t it allows the simultaneous estimation of the time varying 
NAIRU and the Phillips curve together. Information can be drawn from 
the whole sample to obtain a smooth estimate of this unemployment series 
which is updated from information as it becomes available. The approach 
enables us to examine the long term  effects of working hour restrictions on 
the NAIRU for France, rather than  the immediate effects on the level of un­
employment, or the scope of the literature to  date. Clearly there are many 
other effects on unemployment other than labour market policies and there­
fore this is a first attem pt to control for shocks from supply side variables 
towards the measurement of the success of the working hour restriction. In 
this vein, we estimate a NAIRU for France using a Kalman filter process, 
within the theoretical and structurally specified infiation equation, more 
specifically applied to a triangle version of the accelerationist Phillips curve
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using French unemployment, inflation, import price and oil price data be­
tween 1978 and 2006. The resulting profile of the French NAIRU is then 
analyzed for a structural break around the introductions of WHRs in France 
between 1982 and 2002 and found to react negatively to WHRs which have 
been introduced in an expected, rather than unexpected, manner. The con­
struction of a UK NAIRU, within a theoretical framework is comprehen­
sively covered by Greenslade, Pierse and Saleheen (2003) for the UK and 
we follow from this as a basis for constructing the French NAIRU, rather 
than other common estimates of this series.
We find th a t the resultant profile of the NAIRU suggests a fall in the 
NAIRU and unemployment since the announcement of the Aubry law WHRs. 
The Zivot Andrews test, given the endogenous choice of the break point, 
seems to  add qualification to  this observation, although we should remain 
mindful of what inferences we can draw from a series, such as the NAIRU, 
which is essentially estimated or inferred by this methodology. The profile 
of the estimated NAIRU also highlights the different manner in which the 
announcements were made of these restrictions by the authorities, namely 
th a t unemployment reacted negatively to  the unexpected W HR and pos­
itively to the subsequently preannounced and expected restriction. The 
NAIRU reflects these ‘reactions’ more markedly than the unemployment 
series alone.
Section 2 gives more background to the working hour restriction argu­
ment via a literature review. Section 3 sets out the theoretical framework 
and empirical methodology involved in the construction of the NAIRU se­
ries, specifically the use of a accelerationist version of the Phillips curve
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as a theoretical foundation with the empirical methodology of the Kalman 
Filter^. Section 4 analyses the constructed NAIRU using a test for a struc­
tural break, where the time of break point is unknown, introduced by Zivot 
and Andrews (1992). The resulting break point is compared to the dates 
around the introduction of French working hour restrictions, enacted from 
the Aubry, laws to investigate the long run impact of this labour market 
policy. Section 5 concludes.
2.2 Working Hour Literature
The literature on WHRs to date has offered little on the long run effects, 
instead focussing on the immediate effect on unemployment after the impo­
sition of these restrictions. This effect has been found to be mainly insignif­
icant and ambiguous. Layard et al (1991) criticises the policy in terms of a 
‘lump of output fallacy’ and other authors have concluded that, to date, we 
are yet to find evidence suggesting any effect of a significant reduction in 
unemployment in any of the countries th a t have implemented this policy.
Bouabdallah et al. (2004) use a theoretical model based around the 
Solow condition to show tha t the resulting effect on unemployment depends 
on the elasticities of production and cost, whereas Crepon et al. (2000) use 
an empirical analysis on French data to  highlight an immediate increase in 
unemployment which, they suggest, was caused by the insufficient compen­
sation, offered by way of a 50% reduction in employer social contributions 
for the increase in costs of hiring additional labour, estimated a t 11%. Inter-
statistical approach introduced by Kalman (1960) and Kalman and Bucy (1961).
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estingly Schreiber (2007) argue the opposite case, with empirical evidence 
to suggest th a t the employment boom from 2000 was caused not by the re­
duction in working hours, but by the increase in employment subsidies paid 
to compensate employers. It is the author’s view th a t there will inevitably 
be an increase in costs to firms facing regime change but these effects will, 
intuitively, wash out in the long run.
Huang et al. (2002) derive a shirking type efficiency wage model to show 
th a t the effects of working hour restrictions must be ambiguous. Produc­
tivity is the decisive factor th a t will affect the firm’s demand for labour. 
How shorter working hours affect productivity will determine the net em­
ployment effect. Importantly, they stress th a t the long run effect of shorter 
working hours will intensify the short run effect. Any increase in productiv­
ity will inevitably bring about a positive result to a working hour restriction 
depending on the magnitude of the increase in productivity. Kapteyn et 
al. (2004) and Hunt (1996) show an insignificant increase or reduction in 
the level of unemployment immediately after the restriction. Kapteyn et al. 
(2004) in a paper interestingly titled ‘The myth of work sharing’ produce an 
empirical study across 16 OECD countries and find an insignificant increase 
in employment as a result of WHRs. Their conclusion is tha t governments 
should find other ways to reduce unemployment, but including 16 countries 
with such immense differences, in terms of dynamics, questions the validity 
of a study which is essentially highly specific in labour policy. Hunt (1996) 
uses a panel data  approach and notes an insignificant increase in the de­
mand for labour and a large fall in the hours worked, hence possible output 
losses. Should we find no evidence of output losses in France, but firm evi­
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dence of a reduction in working hours there is an implication of productivity 
increases.
Estevao and Sa (2006) offer a first investigation of WHRs th a t encom­
passes welfare implications, albeit by two different methodologies; a theo­
retical argument and a randomised control trial using heterogeneous survey 
data. They find th a t the WHRs in Prance failed to achieve its immedi­
ate objective of raising employment and describe an arguable reduction in 
welfare caused by the frictions, to firms and employees, of regime change. 
There is a main identifying assumption th a t there are no contemporaneous 
shocks, other than the WHRs, affecting labour supply outcomes. This anal­
ysis, by contrast, relaxes this assumption by controlling for price and supply 
shocks to the French economy. The most interesting finding, other than the 
ambiguous effect of the WHRs on unemployment, is th a t of hours worked. 
Estevao and Sa note that, by investigating the distribution of weekly hours 
worked in France, until 1998 a majority of workers worked 39 hours, but 
by 2002 more than 45% of workers in large firms worked only 35 hours. As 
Hunt (1996) and Estevao and Sa (2006) have highlighted; with a significant 
reduction in hours worked, an insignificant effect on output, and unemploy­
ment remaining largely unchanged, then an obvious question arises with 
respect to productivity gains in France.
Other authors consider the implications beyond the employment effect, 
for instance Alvarez-Cuadrado (2007) suggest th a t where distortions in con­
sumption are caused by envy, or peer comparison, working hour restrictions 
may replace politically unfeasible remedial fiscal policy. The welfare gains 
of limitations on working time are almost as large as the gains derived from
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optimal fiscal policy.
2.3 M ethodology
This section introduces the methodology utilised in the estimation of the 
French NAIRU time series.
2.3.1 The Phillips Curve and the N A IR U
The non accelerating inflation rate of unemployment (NAIRU) could be 
described as a rate which displays a threshold. If observed unemployment 
exceeds the NAIRU then unemployment may decrease without imposing 
inflationary stress on the economy. If, however, observed unemployment 
falls back to the value implied by the NAIRU, then there will be inflationary 
pressure in the economy and a further reduction in unemployment can only 
be achieved by supply side polices, perhaps policies th a t lower the NAIRU 
itself.
The approach to our investigation of the effect of WHRs on the NAIRU 
is one of empirical estimation of two theoretically structured equations, com­
monly found in the macroeconomic literature. One specifying the relation­
ship between inflation and the unemployment rate and another describing 
the evolution of the natural rate of unemployment, more specifically here 
the NAIRU. The specification of the Phillips curve estimated borrows from 
a version known as the ’triangle’ model, see Gordon (1997), which itself is an 
interpretation of the accelerationist Phillips curve model discussed below:
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A common specification of our inflation equation, or the Phillips curve can 
be written:
Ilf =  IIf_i — Q{ut — ul) (2.1)
where Ilf is actual inflation, Ut is the unemployment rate, is the natural
rate of unemployment and © describes the degree to  which the unemploy­
ment gap affects the dynamics of inflation, rather than  the more commonly 
used output gap or any other proxy for economic deviation from the steady 
state.
In order to control for oil and import price shocks we can employ a ‘tri­
angle’ version of the ‘accelerationist’ Phillips curve where inflation depends 
on inertia, demand and supply side factors as in Gordon (1997, 1998):
Ilf =  a(Z/)IIf_i — P { L ) { u t  — u l )  +  ' y { L y z t  -b St (2.2)
where Ut — represents the demand side influence on inflation and L, the
lag operator, is employed to capture the dynamics in the model and Zt 
represents a set of supply side variables, in this case import and oil price 
inflation. This specification is admittedly ad-hoc but also convenient in th a t 
it allows a multivariate approach so tha t the supply side shocks can be taken 
into account. Model (2) describes the effects on the dynamics of inflation 
caused by a change in the unemployment rate or other supply side factors. 
For instance an increase in unemployment to above the NAIRU will tend 
to put downward pressure on inflation. The supply side variables included
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in the specification control for shocks which can affect the NAIRU and 
thus the NAIRU has greater consistency with stable inflation. It should be 
noted, before we continue th a t the NAIRU is extremely hard to  pin down, as 
numerous authors on studies of this subject would testify. The methodology, 
discussed below, suffers from serious empirical problems making the NAIRU 
and the purpose of our investigation subject to considerable arbitrariness, 
to say the least.
2.3.2 A  Kalman Filter Approach
In order to estimate the New Keynesian Phillips curve described by (2) 
we use a statistical approach introduced by Kalman (1960) and Kalman 
and Bucy (1961), known as the Kalman filter method. This Kalman filter 
technique conveniently allows the joint estimation of the theoretical model 
and unobserved stochastic process th a t is the NAIRU. For our analysis 
we have chosen the NAIRU, which can be thought of as the natural rate 
of unemployment, as an unobserved stochastic process which will follow a 
random walk. The evolution of the time varying NAIRU is modelled as a 
separate equation for the unobserved portion of the state, which is inferred 
from the data using the Kalman filter. This method is convenient in th a t it 
allows for the simultaneous estimation of the NAIRU and the Phillips curve 
together. This multivariate approach allows the inclusion of the Phillips 
curve theory and other variables to derive the NAIRU and conveniently 
allows us to neglect the micro aspect of the make up of unemployment, 
such as union power and labour market flexibility, which would have to be
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considered otherwise in some empirical explanation of unemployment. Our 
model specification, below, borrows from Greenslade, Pierse and Salaheen
(2003), Boone (2000) and Harvey (1989). The Kalman filter method can 
be used to estimate unobserved variables, on condition tha t they appear 
as state variables in a model th a t can be written in state space form. We 
estimate versions of the following state space model.
The measurement, or observation, equation for the inflation rate:
Hf =  a { L ) H t - i  — P { L ) { u t  — u l )  +  q(T)'zf +  Sf ~  A^(0, o ^ )  (2.3)
and the transition, or state equation for the TV-NAIRU
~  d" % T]t N (0, cr )^ (2.4)
Equation (2.3) is the triangle version of the accelerationist Phillips curve 
described in Section 2.1. The model actually estimated will be a first dif­
ferences version of Equation (2.3) to impose dynamic homogeneity, a com­
mon approach used to estimate the NAIRU, see Staiger, Stock and Watson 
(1997a), see Equation (2.5). In our estimation results we report the esti­
mated smoothed NAIRU based on the full sample for which the model is 
estimated. There is an assumption, as evident by the specification, tha t 
the expectation element of inflation is implicit in the dynamic evolution of 
prices and therefore is excluded in explicit form, though obviously expecta­
tions do play an im portant role in price determination, as recently modeled 
in many forward looking price evolution mechanisms. Here the NAIRU is
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assumed to  encompass these frictions and expectations.
Equation 4 describes the NAIRU as a random walk, time varying process 
without drift, and as the transition equation within the Kalman filter set up. 
For arj =  0  w e  obtain the constant NAIRU, whereas for cr,, > 0 the NAIRU 
is allowed to  fluctuate. The source of these fluctuations are not necessarily 
explained by the model, and may be explained by other phenomena such as 
hysteresis effects. The ratio of the variance of the error terms in these two 
equations is the ’signal-to-noise’ ratio. The higher the ratio of the variance 
of the transition to the measurement equation the more explanatory power 
is given to the unobserved process being estimated. This key variable is set 
constant in order to control the volatility of the estimated variable, without 
this restriction the estimated NAIRU would become extremely volatile. It 
is worth noting th a t in the extreme case of cr* =  0 the NAIRU would 
become constant. Inflation can be driven by a supply/demand shock or 
due to a change in the NAIRU itself. Another assumption th a t enables us 
to calculate the log likelihood function for model comparison is th a t the 
errors in the measurement equation, £ t are normally distributed with mean, 
zero. If we assume th a t the errors in the model are normally distributed, 
then the Kalman filter allows the calculation of the log likelihood function 
of the model, enabling the estimation of its parameters using maximum 
likelihood methods. Note that, in this set up, the shocks to  the supply 
side of equation 2.3 are assumed to contemporaneously uncorrelated with 
unemployment and the NAIRU.
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2.3.3 The D ata
The time series data  is obtained from the Economic and Social D ata Ser­
vice, OECD Main Economic Indicators. D ata has been collected for French 
consumer price index, unemployment rate, real import price inflation and 
real oil price inflation. All series are quarterly and seasonally adjusted ex­
cept consumer prices. The data  is available from 1978 through to 2006. The 
series have been plotted against time in Figure 1, below.
Real Import Price Inflation Real Oil Price Inflation
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Figure 2.1: French time series data  1978 - 2006
French CPI reached 14% around 1982 but fell back sharply towards the 
early 90s. Inflation has been remarkably stable since, probably due to the 
Banque de France gaining independence in 1993 and the subsequent entry 
to the Eurosystem in 1998. Unemployment has been persistently high since 
the mid 80s although it is now declining from its peak in the late 90s. The 
steep decline in inflation during the 80s was probably due to the collapse in
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the global oil price in 1986. This event seems to have had the same effect 
on real import price inflation during the same period. Unemployment in 
France increased steadily from around 4% in the mid 70’s peaking to over 
12% in the mid 90’s and has fallen back to around 8% up and until the time 
of this study.
2.3.4 Empirical R esults
We estimate a version of model (2.3) of the following form:
A llf =  a^(L)AIlf_i — — u^) +  j { L ) A z t  +  £t (2.5)
where A  is the first difference operator, Ilf annual inflation rate and Ut the 
survey based unemployment rate. Real import prices and real oil prices 
are proxies for the supply side variables Zt as displayed in Table 1. We 
estimate two models specifications; Model 1 displaying a contemporaneous 
relationship between inflation and unemployment and Model 2.2, as is con­
sistent with other literature on NAIRU estimation, accounting for cyclical 
correlation, or demand side inertia between inflation and unemployment by 
including one lag of the unemployment gap as an alternative.
As discussed, the volatility of the estimated NAIRU is restricted by the 
‘signal to  noise ratio’ in order to account for the presumption th a t this mea­
sure of unemployment evolves from the steady state structural variables of 
the labour market. The restriction for the ‘signal to noise ratio’ is set at 
0.16, following Greenslade et al. (2003). Most studies using this method­
ology fix this ratio in order to smooth out the unobserved variable which
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can jum p about as much as it likes, if unrestricted, see Gordon (1997). The 
qualification for this is th a t the restriction rules out sharp quarter to quarter 
volatility.
Table 1 shows the results for estimating CPI inflation for 1978 - 2006 
for Models 1 & 2. More complex models, i.e. those including other supply 
shock variables such as productivity are not being considered in this work.
Dep. Var 
A U t
Model 1 Model 2
U t - U t 1.067
(3.160)
U t - l  - 0.532
(2.475)
AIIf_4 0.819
(10.554)
1.014
(12.893)
A R I P I t -0.131
(-4 .302)
-0.042
(-0.926)
A R O P I t 0.057
(5.750)
0.052
(3.695)
LL -82.816 -82.972
LL is the log-likelihood, (t-stats)
Table 2.1: Price inflation Phillips curve estimated using the Kalman filter, 
1978-2006
The regressors for the joint estimation procedure are lagged annual CPI 
inflation, the contemporaneous and lagged unemployment gap, lagged real 
import price inflation (RIPI) and lagged real oil price inflation (ROPI).
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From the estimates in Table 1 we can see a statistically significant negative 
relationship between inflation and the unemployment gap for both models 
showing tha t, as unemployment falls below the NAIRU, there is an increase 
in inflationary pressure, which follows the intuition behind our model. For 
Model 1 the coefficient on lagged inflation is less than unity which draws into 
question the existence of a NAIRU, by its standard definition, for France. 
The vertical long run Phillips curve of Friedman and Phelps hypothesis 
suggested a relationship between real, rather than nominal, wage increases 
and for this reason we would expect to  see the expectation element of infla­
tion, or the coefficient on lagged inflation, equal to  one. We conclude that 
a coefficient less than  one implies a NAIRU associated with a ’tolerable’ 
inflation rate rather than zero. For Model 1 all param eter estimates are sig­
nificant, although the coefficient on import price inflation implies th a t it is 
not empirically im portant in France. This estimate is the only insignificant 
parameter for Model 2.
The final row of Table 1 reports the log-likelihood, (LL). Although these 
test statistics can only be used to  compare competing models th a t are 
nested, we report th a t Model 1 exhibits a lower log likelihood statistic. For 
the supply side variables it is certainly true th a t oil prices may feed into im­
port price inflation, reducing the significance of these variables. However, 
the model estimated parameters for oil and import prices are significant, 
consequently this possibility is not investigated.
Figure 2 shows the profile of the estimated French NAIRU for Model 1 
plotted with the unemployment level. The first thing to note is tha t the 
NAIRU and unemployment series are quite close, an observation th a t might
29
bring into question the purpose of investigating the NAIRU in the first place. 
This may be justified, however, by the fact th a t this particular estimate of 
unemployment controls for supply side shocks and provides our analysis with 
a more detailed approach. The NAIRU seems to  have increased steadily 
from around 5% to 11% during the 80’s before dipping to 8% and back 
to  11% through the 90’s. Since the tu rn  of the century the NAIRU has 
fallen back to 8% again. The profiles of unemployment and the NAIRU are 
similar, however for the period around 1980 the NAIRU is decreasing while 
unemployment is climbing, suggesting th a t the NAIRU does not necessarily 
follow unemployment across the whole sample period. The profile shows 
the NAIRU peaking in the mid 1980s, declining and then peaking again in 
the mid 1990s. The vertical markers on Figure 2 show the introduction of 
the WHRs; the first unexpected WHR by Francois M itterand in 1982 and 
the Aubry laws I (1998) and II (2000) announced, by contrast, two years in 
advance at the end of 1998.
Initially it appears th a t the effect of the working hour restriction is 
once again inconclusive with respect even to the long run view presented 
by the NAIRU. However, there is a clear distinction between the WHR 
introduced by M itterand and those of the Aubry law WHRs of 1998 and 
2000, as highlighted by Crepon and Kramarz (2000). The 1982 WHR was 
unanticipated, but the following Aubry laws were announced and expected, 
giving employers years to prepare for the regime change. This difference 
could possibly be explained by the reaction of the NAIRU to the unexpected 
introduction of a WHR and the announcement in 1998 of the expected 
changes for compliance in 2000 and 2002. After M itterand’s unexpected
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French NAIRU (smoothed) against unemployment
13
12
11
10
9
Aubrey I &8
7
6
Mitterand 825
4
3
0 1982 1986 1990 1994 1998 2002 2004
I I 1 I I I I 1*1 I I I I I I
NAIRU
unemployment
Figure 2.2: The Smoothed NAIRU and Unemployment Profiles
WHR in 1982 we can see a clear rise in unemployment and more markedly 
so in the NAIRU, suggesting th a t firms reacted negatively to  this shock. 
However, after the announcement of the Aubry law changes in 1998 the 
NAIRU, and the level of unemployment, appears to enter a period of decline 
until at least 2006. The NAIRU and the level of unemployment increased 
again between 2002 and 2004 but the general trend between 1998 and 2006 
is downward. Is this a positive result for the working hour restriction and, 
if so, what conclusions can be drawn from analysing the NAIRU as opposed 
to the unemployment level by previous commentators? It is worth noting 
here tha t we have not considered the analysis on the sub sample of 1982 
onwards.
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2.4 Testing the NAIRU for a Structural Break
In order to  formalise our analysis of the success, or otherwise, of the Working 
Hour Restrictions in France it is essential to discover if the long run series 
of French unemployment contains structural breaks around the time of the 
introduction of these restrictions. It is perfectly plausible th a t firms react 
to policy announcements before the actual compliance date and therefore 
we will investigate the possibility of breaks occurring around the announce­
ments of these restrictions. Zivot and Andrews (1992) propose a test for 
structural breaks where the date of the break is endogenous, rather than as­
sumed an exogenous phenomenon as in Perron (1989). Zivot and Andrews 
use the following three regression equations:
M o d e l l  : y t  =  f i / 3 t % _ i -f j D U t  +  ^  r j i A y t - i  H- £t
i= l
k
M o d e l 2  : y t  =  i i - \ -  p t  +  S y t ~ i  4- O D T t  -f ^  ] r y A y t - i  4- St
i= \
k
M o d e l s  : y t  =  p t  6 y t ~ i  4- j D U t  4- O D T t  4- ^  ] r y A y t - i  4- St
i=l
H o  ' Vt — fJ' V t - i  4- St
The null hypothesis under this methodology is th a t the series under 
investigation displays a unit root with drift and no structural break. The 
alternative hypothesis is tha t the series is a trend stationary process with 
an unknown break point. The Zivot and Andrews models endogenize one
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structural break in a series (such as the NAIRU, U ^ )  estimated in Section 3. 
This model allows for the possibility of a  break in the trend, represented by 
the dummy DT, and also a shift in the intercept captured by the dummy, 
DU. The time of break (TB) is selected a t the point th a t minimises the 
one sided t-statistic of ^  =  1 in equation (7). DU and DT are dummy 
variables th a t capture a break in mean and slope, respectively, occurring 
at the structural break. DU=1 if t> T B , and zero otherwise, DT is equal 
to (t-TB), if (t>TB ) and zero otherwise. If the coefficient is statistically 
significant then the null is rejected.
Table 2 summarises the results of the Zivot Andrews test on the esti­
mated NAIRU in the presence of a structural break allowing for a change 
in the intercept and trend.
NAIRU
<
M odel(l) Model(3)
T B 1999Q1 1999Q1
Ô -0.1142 -0.1237
6
[-4.1369] [-4.1017]
-0.0066
7 0.4109
[-0.7894]
-0.3597
P
[-2.5733]
0.0048
[-2.0840]
0.0059
[1.9010] [2.0435]
Table 2.2: The Zivot-Andrews Test Results: Break in both Intercept and 
Trend
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The results presented in table 2, report the minimum t  statistics and 
the corresponding break times. Both Models 1 and 3 indicate a break 
point of 1999Q1. The break point on 1999Q1 suggests th a t businesses re­
sponded to the Aubry laws about three to six months after the announce­
ment rather than  waiting for the compliance date of 2000 and 2002. We 
can contrast this, as suggested by Crepon and Kramarz (2000), with the 
previously unannounced introduction of a working hour restriction in 1982 
by Francis M itterand, where firms reacted negatively and unemployment 
on the measurement of the NAIRU in section 3 actually rose. These results 
support the Crepon and Kramarz (2000) and also offer tentative support for 
those th a t believe th a t this labour market policy can reduce unemployment.
2.5 Conclusion
Working hour restrictions have been employed as a labour market policy 
in France since 1978, when the working week amounted to  48 hours. In­
terestingly the UK has only recently adopted the same limit nearly thirty  
years forward. To the social planner, looking to address the issue of longer 
working hours, despite the possible increases in productivity and living stan­
dards, this policy could provide a solution to  the discussed shortcomings of 
an unhindered labour market and the resulting problems associated with 
households working and consuming above welfare-maximising levels, see 
Cali and Rabanal (2004) for a discussion on the contribution of technology 
shocks to the business cycle.
The working hour literature to date has focussed mainly on the im­
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mediate affect on unemployment of the introduction of the working hour 
restriction. This effect has been found to  be mainly inconclusive and also 
ambiguous. The profile of the NAIRU shown in the figure 2 suggests a fall 
in the NAIRU and unemployment since the announcement of the Aubry 
law WHRs. The Zivot Andrews test, given the endogenous choice of the 
break point, seems to add support to this observation, although we should 
remain mindful of what inferences we can draw from a series, such as the 
NAIRU, which is essentially estimated, and lends a certain amount of abi- 
trariness to our investigation. This is a interesting result for working hour 
restrictions, nevertheless, and contrasts with the findings of Estevao and Sa 
(2006) and others who have found tha t the WHR failed in its immediate 
aim, but who also neglect the long run analysis. The inferred NAIRU also 
highlights the different manner in which the announcements were made of 
these restrictions. Little work exists the long run effects of WHRs, or th a t 
which follows from Crepon and Kramarz (2000) who identified the difference 
between an unexpected announcement and an expected one. The estimated 
NAIRU in section 3 highlights these differences, namely th a t unemployment 
reacted negatively to the unexpected W HR and positively to  the subsequent 
expected restriction. The NAIRU reflects these ‘reactions’ more markedly 
than the unemployment series alone.
W ith France providing such a rich source of analysis it is the author’s 
view tha t much more work needs to be done to answer the questions high­
lighted in this study, at least in the long run effects. For those th a t believe 
there is an optimal ‘Pareto efficient’ level of output, per economy, the WHR 
offers an alternative to the distorting tool of taxation to this aim. As I am
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aware, no work has been carried out in the field of working hour restrictions 
in relation to the effects on social welfare and levels of happiness other than 
th a t of Alvarez-Cuardrado (2007) who investigate the contribution of envy 
to the path  of consumption. I leave this to future work.
2.A The French Working Week
France has consistently pursued the labour market policy of working hour 
restrictions since 1974, rather than  the ALMP approach to reducing unem­
ployment. W hilst we are yet to see conclusive evidence of the success of this 
policy, in the literature preceding this work, it is clear tha t this approach to 
manipulation of labour demand is less complicated and undoubtedly avoids 
the sort of unwanted distortions caused by some of the ALMPs employed by 
other governments, for example the UK’s ‘New Deal’, introduced in 1997. 
In France the working day was was as high as 12 hours during the nineteenth 
century. At the turn of the twentieth century this was steadily reduced to
10 hours. By 1974 the maximum working week was 48 hours in France and 
by 1981 had been steadily reduced to 40 hours by the left wing coalition, 
the Popular Front. In 1982 Francois M itterrand announced an unexpected 
working hours restriction from 40 hours to  39 hours. After the resulting 
unemployment tha t ensued, the government ensured tha t the following re­
ductions were debated and expected. In 1998 a new socialist government 
litigated a further reduction to 35 hours, Aubry I (June 1998) and Aubry
11 (January 2000). Firms employing more than 20 employees would have to 
comply with this restriction by 2000; small firms by 2002. Employees re-
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quired to work longer than 35 hours are, as a result, entitled to a premium 
hourly rate for overtime. Aubry II was introduced to help small firms adopt 
the regime change, effectively watering down Aubry I.
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Chapter 3 
The Inflation Unemployment 
Trade Off Revisited: an EU-US  
Comparison
The following chapter centres, once more, around the theoretical framework 
of the Phillips curve. This time however the inflation equation is derived in­
side a fully specified New Keynesian general equilibrium model and written 
in terms of unemployment. Using the empirical methodology of the General 
Method of Moments we find th a t EU and US labour market characteristics 
can be captured by our model specification, although results are not robust 
across differing sample periods.
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3.1 Introduction
The original Phillips curve expressed inflation dynamics in terms of unem­
ployment, but has more recently been developed as a structural equation 
within the modern New Keynesian macro models. The so called New Keyne­
sian Phillips curve (NKPC) commonly describes inflation dynamics as being 
driven by inflationary pressures, usually in the form of an output gap. How­
ever, recent empirical studies have proposed a more procyclical proxy for 
price pressures, namely firms’ marginal costs, see Gali and Gertler (1999). 
This variable exhibits a more contemporaneous correlation with inflation 
and better accounts for the impact of productivity gains on inflation.
The inability of standard versions of the New Keynesian models to gen­
erate sufficient persistence, enough to describe the more pronounced move­
ments in output from its steady state, are well documented (see Roberts, 
1995 and Führer and Moore, 1995). A further problem for the model is the 
inability to explain movements in hours worked, the main reason lying with 
the ’non’ existence of adjustment costs to labour for the firm. However, 
more recent New Keynesian macro models are now exploring the inclusion 
of labour market frictions as a source of inertia. Thus, the New Keynesian 
Phillips curve now follows its founding specification once more, describing 
inflation dynamics in terms of unemployment, albeit now as part of the 
marginal cost element. Indeed, recent work by Blanchard and Gali (2010), 
amongst others, specifically address this through the introduction of labour 
market frictions, or unemployment, modelled to channel inertia through 
marginal cost.
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The argument over the precise explicit representation of these frictions is 
far from settled, but the consensus is now centering around the specification 
of wage rigidities, nominal or real, see Riggi and Tancioni (2008). It is also 
far from clear th a t these new labour market parameters should be described 
as structural, as evidence exists th a t they change over time, see Boeri and 
Garibaldi (2009). How marginal cost, a key determinant of inertia in prices, 
is affected by the introduction of unemployment to these models is covered 
by Krause et al. (2008, 2008a) who concern themselves with the significance 
of this effect. These authors find that, whilst they agree with the Gali- 
Gertler result th a t marginal cost outperforms the output gap as a measure 
of excess demand, marginal cost is driven by labour market inertia, rather 
than  the labour share.
Moreover, this recently discussed link between the labour market and 
inflation also encompasses the consequences for monetary policy, as pointed 
out by Ghristoffel et al. (2009), who argue th a t central banks are likely 
to monitor the labour market closely, given its tradition of driving busi­
ness cycle fluctuations. Including a labour market driven explanation of 
marginal cost has, therefore, im portant repercussions for modern macroe­
conomic modelling. By allowing the marginal cost element of the NKPC 
to display inertia of this kind, one can also reduce the role for an intrin­
sic inflation element in capturing the staggering of prices, displayed by the 
data. Whilst the motivation behind the inclusion of unemployment in the 
New Keynesian framework relates to the importance of labour market fric­
tions as a driver of inflation dynamics, the evolution of this specification 
also presents an empirical opportunity to estimate the inflation equation in
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terms of unemployment, with the additional benefit of remaining within the 
New Keynesian theoretical framework.
These recent developments in the literature present an opportunity to 
reassess the long standing debate about the infiation-unemployment trade­
off, now with a firm micro-founded footing. In particular, we focus on the 
empirical comparison of the new ’old’ Phillips curve for the US and the 
Euro Area. Indeed, by making use of fully specified New Keynesian frame­
work with labour market frictions of Blanchard and Gali (2010, BG hence­
forth), one should be able to uncover a richer description of the infiation- 
unemployment trade-off and relate them with the stylised facts of these two 
economies.
We carry out our empirical analysis using a single-equation Generalised 
Method of Moments (GMM) estimation framework. A consistent Ordinary 
Least Squares (OLS) regression for a single equation relies on the assump­
tion of orthogonality for the regressors in th a t equation. Unfortunately, it is 
well documented th a t the NKPC suffers from an inability to meet this con­
dition, see Gali and Gerlter (1999) and Zhang et al. (2007) for a discussion, 
hence the now standard use of GMM in this context.
As it will become apparent, a fully micro-founded Phillips curve, relating 
labour market conditions to inflation, depends on a significant number of 
structural parameters. Given the impossibility of identifying and estim at­
ing all the parameters, we opt to estimate the BG Phillips in reduced-form. 
Whilst this is not optimal, it still allows us to analyse the nature of the 
infiation-unemployment relationship with respect to  labour market flexibil­
ity in the US and the Euro Area, which are known to display significant
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differences.
We estimate an ’exact’ version and a ’restricted’ version of the BG 
Phillips curve, exploiting the fact that, under certain assumptions, the equa­
tion can be simplified to describe inflation by the level and change in the 
unemployment rate alone. We find th a t current unemployment in the US 
has a stronger effect on inflation, consistent with a more flexible labour mar­
ket and conversely so for the Euro data, highlighting the sclerotic nature 
of the labour market in Europe. Furthermore we find tha t labour produc­
tivity has a higher effect on inflation in the EU than in the US, which is 
consistent with the recent consensus on the importance of modelling labour 
market frictions in Europe. Thus, while confirming previous views on the 
nature of labour market frictions for these economies, we do so with a much 
richer specification arising from a fully micro-founded framework.
This chapter proceeds as follows: The next section discusses the liter­
ature on labour market rigidities. Section 3 sets out the Blanchard and 
Cali (2010) New Keynesian model with unemployment and sticky prices 
from which a New Keynesian Phillips curve in terms of unemployment can 
be derived. Section 4 describes our empirical methodology for estimation 
of the model’s parameters. The final section discusses the results of our 
estimation and opportunities for further research.
3.1.1 The Literature on Labour Market R igidities
Recently, the modern business cycle literature has become increasingly crit­
icised for its treatm ent of the labour market. Firstly, tha t the existence
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of unemployment is neglected, a potentially misleading omission, especially 
given the nature of the labour market in the Euro area. Secondly tha t the 
wage is determined only by some dynamic description of its level. Describ­
ing the wage, so, also leads to  the possibility th a t nominal wage inertia is 
then empirically overestimated.
An alternative framework for the labour market, encompassing unem­
ployment dynamics as well as other labour market characteristics, is known 
as the ‘flow approach’, see Blanchard and Diamond (1992) for an intuitive 
description. This approach allows the frictions generated in the labour mar­
ket to capture the sluggishness displayed by real marginal cost. Moreover, 
it is also as an alternative to the backward looking element of the more 
empirically successful, but ad hoc, hybrid New Keynesian Phillips curve to 
generate inflation persistence. Thus, this rieher equilibrium framework for 
the labour market satisfles both the conceptual and empirical shortcomings 
of the stock approach.
There is a voluminous literature, but little consensus, on how one should 
go about adding the explicit functional form to this appealing treatm ent of 
the labour market. Pissarides and Mortenssen (1999) provide a compre­
hensive review on this issue, combining the work on search and matching 
functions with some description of equilibrium unemployment, but only 
highlight the disparate explicit nature of what exact functional form these 
frictions should actually take - for example, whether or not job destruction 
should be described as exogenous, whether employment should be repre­
sented at the extensive or intensive margin and how the surplus in value 
created by any resulting wage band should be shared.
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Early work incorporating labour market frictions of this kind into the 
New Keynesian framework is seen in papers such as Merz (1995) and An- 
dolfatto (1996), but remained largely ignored in the real business cycle 
literature until Trigari (2004, 2006). This author introduces a four sector 
New Keynesian model with matching type labour market where wages are 
determined by bargaining in Nash terms or by what is now termed right 
to manage (RTM). She finds th a t RTM outperforms Nash bargaining for 
the wage wedge by producing a smaller response of inflation and the real 
wage to a monetary shock. Christoffel and Linzert (2005) follow Trigari
(2004) in highlighting the need of the monetary authority to follow labour 
market characteristics as they may prove definitive to capture the inflation 
dynamics displayed across different countries. Krause et al (2007) present 
a New Keynesian model with search and matching frictions to suggest th a t 
empirical studies of the NKPC should use non simple, or endogenous, mea­
sures of marginal cost to prevent mis-speciflcation. Krause et al. (2008) 
present and estimate a DSGE for the US with search frictions in the labour 
market. They construct a synthetic series for marginal cost using labour 
market parameters and find th a t these frictions are significant in the de­
term ination of inflation dynamics, consistent with the view th a t inclusion 
of labour market frictions reduces the requirement for a backward looking 
explanation of inflation in the NKPG.
The literature more closely related to our research is th a t which com­
pares the level of flexibility in the labour market across countries and the 
associated contribution these characteristics have towards the dynamics of 
inflation. Christoffel et al. (2009) focus on the more traditionally sclerotic
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labour market of Europe using a New Keynesian DSGE with Mortensen 
and Pissarides (1994) type search and matching frictions and Trigari (2006) 
RTM framework. They find that, for the more rigid Euro area labour mar­
ket, monetary policy is more effective so th a t a monetary shock has a larger 
effect on inflation and thus the monetary authority should pay close at­
tention to changes in those parameters which represent the labour market, 
such as the separation rate for employment.
On the other hand, Blanchard and Gali (2010) construct an NK model 
with unemployment, combining the four key elements of concave prefer­
ences, labour market frictions, real wage rigidities and staggered pricing 
with a deliberately economical use of theoretical modelling. The model is 
shown to generate inefficient unemployment fluctuation from productivity 
shocks with the inclusion of real wage rigidities. Another finding is that, 
under different calibrations for the EU and US areas, the model is able to 
predict greater persistence to  productivity shocks in a more sclerotic labour 
market, with labour market tightness varying more closely with the change 
in unemployment rather than the level.
Our interest lies specifically with whether or not this result is found in 
the data. We do so via GMM estimation of the Phillips curve presented 
in terms of unemployment, an equation expressed in Blanchard and Gali 
(2010) and in a more simple fashion in Blanchard and Gali (2007). Krause 
et al. (2008) also estimate a Phillips curve from a model of this genre, 
but with a different motivation and in terms of marginal cost rather than 
unemployment.
45
3.2 A New Keynesian M odel with Unem ­
ployment
For readability, we follow very closely Blanchard and Gali (2010), preferred 
due to its economical treatm ent of labour market frictions, real wage and 
nominal price rigidities. We have a cashless, two sector, economy where 
homogeneous goods are produced by a final goods sector and differentiated 
intermediate goods using GES technology. Price inertia in our model is 
explained using nominal rigidities a la Galvo (1983).
3.2.1 Preferences
The economy consists of a continuum of representative infinitely lived house­
holds whose instantaneous utility function is separable in consumption C t { i )  
and labour supply N t { i ) .  As a result the first order condition for consump­
tion growth will be independent of labour supply effects, as is consistent 
with the observed relative stability of labour supply in the US.
The instantaneous utility function is given by
where (p is the elasticity of work effort with respect to  the real wage or the 
inverse of the Frisch elasticity of labour supply.
Households seek to maximise
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B „ g / î ‘ ( l o g a - x ^ J  (3.1)
subject to an intertemporal budget constraint of the form
+  7^ (3.2)
Jo
where P t{ i )  is the price level C t { i )  the consumption of differentiated good,
i, respectively. Households hold their wealth in the form of securities. Q t
is the price of the riskless, one period, bond; B t  is the holdings of risk free 
bonds at the end of period t. is the nominal wage and N t  a measure of 
households employed or hours worked. T t  is the lump sum component of 
net dividend income and taxation.
Maximising (3.1) subject to (3.2) yields familiar Euler equations:
Arr _
P t
Qt =  ^Et Q + i V '  P t  
Ct ; P m
The first equation represents the household’s labour supply decision, equat­
ing the real wage with the marginal rate of substitution between consump­
tion and work effort. The second is the familiar Keynes-Ramsey rule which 
relates the expected future path of consumption to the real interest rate.
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3.2.2 Technology
There is a continuum of monopolistically competitive final good firms each 
producing a differentiated final good, i .  Final good production evolves 
according to
where X t { i )  is the quantity of the single intermediate good.
Intermediate goods are produced by a large number, jf, of perfectly compet­
itive firms with labour the sole input and identical exogenous technology 
A t  assumed to evolve over time, the output of which is described by the 
production function
X t { j )  =  A N t U )
where A t  represents exogenous and identical technology for all firms. Em­
ployment in firm j , N t { j ) :  evolves according to
iVe{j) =  ( l - W - i Ü )  + ff,(i)
where H t  represents hires with separation rate ô  which represents the num­
ber of workers becoming unemployed in period t .
3.2.3 Labour Market
Assuming full participation, beginning of period unemployment is given as 
U rit  =  l -  N t - i  4- S N t - i  =  1 — (1 — S ) N t - i  (3.3)
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Aggregate hiring evolves according to
== TV, -  (1 -- (3.4)
where H t  =  H t  ( i ) d i  and N t  =  N t ( i ) d i  denote aggregate hiring and 
employment respectively labour market tightness, x t ,  is defined as the ratio 
of aggregate hires to  unemployment.
where G [0,1].
Hiring costs are given by G t H t { j )  where the cost per hire, G t ,  is independent 
of the amount of labour each firm hires, H t { j ) .
G t  is dependent, however, on labour market tightness. More formally
(7, == AjuBic"
where a  > 0 and B is  a positive constant. We can also define 9t =  ^  
for later use. Hiring costs depend on productivity to avoid the effects of 
productivity shocks on the cost of hiring relative to the cost of producing.
Finally it is also useful to define an alternative measure of unemployment, 
u t ,  given as the fraction of the population who are left without a job after 
hiring has taken place in period, t. Formally written,
Ut =  Ut — H t  =  1 — N t
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3.2.4 The Constrained Efficient A llocation
The benevolent social planner maximizes utility subject to the aggregate 
resource constraint
O', == _jEkc«jy,) (3 6)
As a result we can write the optimality condition for the social planner
x C t E f  <  A t — { l + o i ) A t B x ^ + ^ [ l —0 ) E t  — A t + \ B x ^ j ^ i { l  +  o:(l — Xf+i))^
(3J)
The LHS of this equation is the marginal rate of substitution and the RHS 
represents the marginal rate of transformation between consumption and 
leisure, of which the first component makes up the marginal product of 
labour and the second the savings from reduced hiring costs in period t+ 1 .
Note the special case of no labour market frictions, B  =  0 , (3.7) simplifies
to (3.8); the constrained-efficient allocation implies a level of employment
invariant to  productivity shocks.
<  1 (3.8)
Substituting the resource constraint into the above optimality condition and 
solving implies a constant unemployment rate given by:
“ = 5( l - x * )+ x *  (3-9)
where x *  is the constrained-efficient allocation constant job finding rate.
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3.2.5 Equilibrium Under Flexible Prices
The intermediate firm will maximize profits, which can be described by
E t  Q t , t + k { P t + k { i ) y t + k { i )  —  P t + k W t + k E t + k [ i )  —  P t + k G t + k H t + k { i ) )
k=0
subject to the production function
Y t { i )  =  A t + k N t + k
for t =  0,1,2.., taking as given the paths for the aggregate price, F*, the real 
wage, Wf, and where Q t, t+ k  =  which is the stochastic discount
factor for nominal payoffs.
Thus, the optimality condition for the intermediate firm can be written to 
equate marginal revenue and marginal cost:
^  ) .4* =  Wm  + Gm  -  /3(1 -  à)Et
' S ' t + l
(3.10)
which we can combine with the profit maximising condition of the final good 
firm
where M  =
Rearrange to describe the hiring rate as dependent on the expected dis­
counted path of marginal profits generated by the additional hiring of
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labour.
/  1 M /A  r n . 1
(3.11)Ct ^^t + 1
iQ + i
3.2.6 Real W age R igidities
The presence of labour market frictions generates a surplus to be shared 
between employee and employer, the proportion of the allocated share of 
this surplus is determined by the wage rate. A relation between employee 
and employer will be efficient so long as the share received by employer, 
5 / ,  and th a t by the employee, are both positive for all t. In our model
a sufficient condition for >  0 is given by the labour supply relation, 
Wf >  x E t X f  and for S (  by the intermediate firm’s positive profit condition 
gross of hiring costs W t  <  Thus, it follows th a t any wage th a t
satisfies
x C t < w , < ^  
for all t, will be consistent with equilibrium.
We assume a wage schedule of the form
W ,  =  (3.12)
where 7  G [0,1] is an index of real wage rigidity, and 0  is a positive constant. 
Denoting A as the unconditional mean of A t  we assume tha t 0  =  (-^  — 
{1 — /3 { l  — 6 ) ) B x ° ‘) A '^ , which implies the mean wage coincides with the mean 
wage under Nash bargaining, not discussed here. Combining the above with 
the price setting wage, (3.11), gives equilibrium under real wage rigidities.
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C,+i A ,  “ '+*
Rearranging, and solving forward yields
Sx? =  -  S))>‘E, f X  _  0 A p ^ )
k=0 '
where At^t+k =  { G t / C t + k ) { A t + k / A t ) .
(3.13)
(3.14)
3.2.7 Nom inal R igidities
Nominal rigidities are introduced in a manner consistent with much of the 
recent business cycle literature, using the model of Calvo (1983). Final good 
firms may reset their prices only when they receive a randomly set signal, 
generated with constant probability 1 — ^ in any given period. Thus, the 
remainder of firms th a t are unable to change price in any period can be 
considered the portion of sticky price firms in the economy. The aggregate 
price level thus satisfies
P t  =  i e { P t - i Y ~ ‘  +  (1 -
For later use, dividing through by P t - i ,  this expression becomes convenient 
to write as
p :
p t - 1
1— £
(3.15)
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Firms choose a price to  maximize
^ ^ ^ t [ Q t , t + k { P t ^ t + k / t  — ' ^ t+ k { y t+ k / t ) ) ]  (3.16)
* k=0
subject to the demand constraint
where ipt+k\t is the function associated with the costs of production. 
The firm’s target price satisfies the resulting optimality condition:
A:=0 L \  /
=  0
where A 4  =  ^  is the frictionless mark-up and nominal marginal cost
=  % + k 0 ^ t + k \ t ) ’
The familiar solution to this problem can be expressed as:
P f  _  Y lk = o  [ Q t , t + k y t+ k \ tM C t + k \ t ' ^ t - i , t + k \
Real marginal cost is given by the relative price, assuming perfect compe­
tition in equation (3.10), or tha t
M C, =  ^
and, together with the expression for the real wage, real marginal cost is 
given as:
54
M Q  =  -  ,g(l - C t  A t + i (3.18)
3.2.8 General Equilibrium
The market clearing conditions in the goods market and labour market are 
given as:
and
A t N f
D f
where A t  productivity, the exogenous element of aggregate supply and D t  
price dispersion th a t leads to cost of inflation.
Equilibrium in the labour market requires th a t each household provides an 
amount of labour N t  which is equal to  the sum of labour supplied to each 
firm.
Jo
Assume further th a t government expenditure is met by lump sum taxes, 
then, by Walras’ Law we can dispense with the bond market equilibrium 
condition.
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3.3 The Log-Linearized Steady State
A log-linearized zero-inflation steady state, where lowercase variables de­
scribe proportional deviations from the deterministic steady state is given 
below. Combine the linearized versions of equation (3.15) and (3.17) to get 
the Phillips curve:
=  P E t{ 7 r t+ i )  4- X m c t  (3.19)
where A =
The inflation equation shows how our parameter of interest A governs the 
sensitivity of inflation to changes in marginal cost and via expected inflation.
Marginal cost is given from the linearization of equation (3.18) 
m c t  =  a g A A x t  — ^(1 — 6 ) g A A E t  [{ct — à t )  — {c t+ i — à t+ i )  4- c^xt+i] —
(3.20)
where $  =  M W / A  =  1 — (1 — jd(l — S ) ) g M  <  1 
Labour Market Tightness from Equation (3.5)
5 x t  =  f i t  — {1 — <^ )(1 — x ) f i t —i  (3.21)
The Aggregate Resource Constraint, Equation (3.6)
^ (3.22)
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To close the model the consumption Euler equation
Ct =  Et[ct+ii\ — [it — E{'KtJri) — Pt] (3.23)
where the natural rate of interest, r ” =  p +  o-FfA^r+i ^.nd p  =  — lo g /3 .
3.4 The Phillips Curve in Unemployment
By making some simplifying assumptions regarding the labour market struc­
tural parameters, we can derive a simple relation between unemployment 
and inflation. This simple inflation equation is convenient in th a t it allows 
us to  draw conclusions from the reduced-form parameter estimates on the
state of the labour markets being investigated. We follow the assumptions
suggested in Blanchard and Gali (2010) by first assuming tha t hiring costs 
are relatively small when compared to movements in output, in which case 
equation (3.20) reduces t o  ct =  â f+ û f  This approximation, with the second 
assumption of a small separation rate ô  and making use of the fact th a t if ô  
is small then p { l  — 5)  % /3, allows us to simplify our expression for marginal 
cost, (3.18), to
m c t  =  a g M  [xt ~  P E { x t + i ) ]  -  ^ j à t  (3.24)
Combining this simplified expression for marginal cost with our inflation 
equation, (3.19), solves forward to
oo
TTt =  a g M X x t  -  A4>y ^  ( J ^ E t[à t \ (3.25)
fc=0
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To introduce unemployment, we use u t ,  defined as the deviation of un­
employment from the steady state value, and the approximation u t  =  
—(1 — u ) n t ,  so tha t we can rewrite labour market tightness (3.21) in terms 
of Ut
(1 — u ) 5 x t  =  —Ut — (1 “  ( )^(1 — x ^ û t —i (3.26)
Specifying productivity as an AR(1) process with persistence pa  enables us 
to rewrite (3.26) as
TTt =  a g M X x t  — (3.27)
where =  A0/(1 — /?Pa)
Combining the last two expressions gives us our simple relation between 
unemployment and inflation
TTt =  — KUt “b /c(l — ^)(1 — 1 — ^ ^ à t  (3.28)
where k, =  a g M . X / ô { l  — u )
By simple manipulation, the above can also be rewritten in the level and 
change in unemployment as
TTt — —/{(I — (1 — ^)(1 — 2j))ûf — /{(I — ^)(1 — x ^ X u t  — ^ ' y à t  (3.29)
Equation (3.29) describes inflation as negatively related to both the level 
and change in unemployment. The condition of the labour market in the 
economy can be reflected in the size of the two labour market parameters ô  
and X . The characteristics of the US labour market should, in principle, be
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captured by a high value for the separation rate and a high labour market 
tightness (or, equivalently one with high fluidity and low unemployment). 
The EU labour market, by contrast, could be described as more sclerotic, 
i.e. with lower flows and higher unemployment, characterized by low values 
of 6  and x .
Thus, the parameters of equation (3.29) enable us to  measure the flex­
ibility of the labour market. Indeed, we use C =  (1 — <5)(1 — a;) as an 
overall measure of labour market rigidities. A entirely sclerotic labour mar­
ket will be described, accordingly, by a smaller dependence on the level of 
unemployment, as C will be large, and a large dependence on the change in 
unemployment. A more flexible or fluid labour market, such as the US, will 
be described by the opposite case. If our intuition is correct then we would 
expeet to see the data  for each economy, US and EU, reflect our prediction 
of the model.
3.4.1 A n exact Phillips curve w ith  unemploym ent
Blanchard and Gali (2010) also derive an ’exact’ version of the Phillips 
curve, which combines in a highly non-linear way the structural parame­
ters describing the economy. Using (3.21) and (3.22) one can derive an 
expression for consumption in terms of unemployment
Ct =  à f t -  ^o f l t 4- ^ iT L t- l
where (o =  and ^
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Using this expression with (3.21) into (3.20) gives
m c t  =  h o f i t  +  h L U t - i  +  h r E t U t + i  -
where
ho =  {agA4 /ô ){ l- ï-P{1 — 6)^(1 — x ) ) ^{1 — 6)gM.{^i — o^) 
h L  =  - { a g M / 6 ) { l - 6 ) { l - x ) - j 3 { { l - 6 ) g M ^ i )  
h p  =  —P O - — d ) g A i { { a / 6 )  — ^o)
Replacing the above expression for marginal cost into the Phillips curve 
yields the Phillips curve in terms of unemployment
TTt — P E t[ ï ï t+ i]  — K o ^ t  +  AvL i^-i +  i ^ p E t l u t+ i]  ~  (3.30)
where kq =  A/iq/(1  —u), k l  =  —Ahz,/(1  —u), K,p =  — X h p / { l  — u ) .  As before, 
the key driver for these reduced-form coefficients is labour market tightness. 
One would expect that, for example, under similar parameterisations for 
other characteristics, a more rigid labour market would display k 's  with 
larger magnitudes. However, in practice, and given we are restricting or 
analysis to reduced-form estimation, direct comparisons may not be possible 
due to scale effects th a t perhaps may not have been taken into account. 
Nevertheless, estimation of (3.30) may still reveal interesting features of
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the inflation-unemployment trade-off.
3.5 Data and Empirical Results
In order to estimate both the simplified Phillips curve in (3.28)-(3.29) and 
its exact version (3.30), we use US and Euro area quarterly data for the 
sample period 1970-2007. D ata for CPI inflation and the unemployment 
rate is taken from the FRED database at the Federal Reserve Bank of St 
Louis. Labour productivity is measured as deviations from the log ratio of 
GDP and to tal non-farm employment to a quadratic trend (other detrend­
ing procedures do not affect the results below). The corresponding data 
for the Euro area comes from the Area-wide Model database, with similar 
transformations applied. Figures 1 and 2 plot the key variables for each 
economy.
Taking C =  {1 — 6 ) { 1  — x ) ,  notice tha t it suffices to estimate (3.30) (or 
alternatively (3.29)) in reduced form, i.e.
TTt =  +  K2AÛ( 4- K ^â t (3.31)
where k,i =  — k { 1  — (), k ,2 =  ^-nd which allow us then to
identify separately k  and ( .
A consistent OLS regression for a single equation relies on the assump­
tion of orthogonality for the regressors in tha t equation. It is well docu­
mented tha t the NKPC suffers from an inability to meet this condition, see 
Gali and Gerlter (1999) and Zhang et al. (2007) for a discussion. We present
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OLS results for indication only, but focus our analysis on GMM estimation 
results. In the la tter case, we employ the Continuous-Updating GMM esti­
mator, with a Newey-West variance-covariance m atrix and a Bartlett kernel.
For completeness, we define four instrument sets: containing four
lags of the inflation rate, unemployment, productivity, labour share, com­
modities price inflation, wage inflation, interest rate spread and real GDP 
growth; containing two lags of the variables in Z ^ e  with four 
lags of the ’’core” variables - inflation, unemployment, productivity, labour 
share and commodities price inflation;^ and with two lags of the core 
variables. The Z ^ j  sets follow previous literature on empirical New Key­
nesian Phillips Curves, namely Gali and Gertler (1999). The z S e  attem pt 
to minimize problems arising from weak identification (see Martins and 
Gabriel, 2009 and Kleibergen and Mavroeidis, 2009, for example) and the 
use of many (potentially weak) instruments (see Newey and Windmeijer, 
2009). Thus, by using distinct instrument sets, we will have a more precise 
idea of how sensitive the results are to  the choice of instruments.
3.5.1 Simplified N K PC
Table 1 presents the estimation results for equations (3.28)-(3.29), using the 
full sample period (1970 to  2007). First, a general assessment of the results 
reveals th a t in all cases the over-identifying restrictions are satisfied, as can 
be seen from the p-values under J. From the reported standard errors we
 ^These variables are deemed to be ’core’ as they form part of the NKPC model in 
(3.28), (3.29) and (3.30), as well as in Gali and Gertler (1999) - labour share - and 
Blanchard and Gali (2007) - raw materials, here proxied by commodity prices.
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see tha t all estimates are highly significant. The signs for k, and (  should 
both be positive by definition but we see tha t this is not the case for k. over 
both the US and Euro-area. Also, results for k i ,  k.2 , k s  and k, seem to be 
qualitatively and quantitatively similar across diflîerent GMM setups, with 
the exception of US results with Z ^ e  for K2 and K, with unusually large 
coefficients. The signs for these parameters should be negative by definition 
in (3.1) but this is only the case for ^ 2  across both areas.
Table 3.1: Reduced-form Phillips Curve, eqs. (3.28)-(3.29), 1970:1-2007:4
US K i %2 K, C J
1970:1-2007:4 OLS 0.661
(0.027)
-1.679
(0.462)
0.257
(0.040)
-2 .340
(0.462)
0.718 —
GMM-ZS> 0.664
(0.029)
-3 .835
(0.455)
0.262
(0.031)
-4 .499
(0.458)
0.852 0.880
g m m -z £> 0.681
(0.027)
-2 .520
(0.265)
0.258
(0.036)
-3.201
(0.251)
0.790 0.304
GMM-Zg>e 0.681
(0.058)
-10.685
(1.382)
0.240
(0.073)
-11.305
(1.384)
0.945 0.957
Euro Area
GMM-ZgJe 0.553
(0.034)
-3 .414
(0.382)
0.170
(0.049)
-3 .967
(0.362)
0.861 0.290
1970:1-2007:4 OLS 0.125
(0.011)
-3 .557
(0.514)
0.311
(0.074)
-3 .682
(0.513)
0.966 —
GMM-Zg) 0.201
(0.012)
-5 .789
(0.434)
0.620
(0.074)
-5 .990
(0.428)
0.966 0.892
GMM -Z® 0.208
(0.017)
-6.131
(0.610)
0.630
(0.099)
-6 .339
(0.607)
0.967 0.437
GMM-ZgJe 0.195
(0.014)
-5 .417
(0.568)
0.588
(0.087)
-5.612
(0.563)
0.965 0.616
GMM-ZgJe 0.202
(0.018)
-6.046
(0.682)
0.678
(0.087)
-6 .248
(0.678)
0.968 0.164
Note: standard errors in brackets; p-values for the J test of over-identifying 
restrictions reported in the column under J.
As explained above, we can infer the level of labour market sclerosis and 
its relationship with inflation from the relative magnitude of the coefficients
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associated with unemployment and the change in unemployment - which is 
driven by the size of ( .  Estimation results in Table 3.1 confirm the view 
th a t the US labour market is considerably more fluid th a t the Euro-area 
one and, therefore, the nature of the inflation-unemployment trade-off is 
distinct for these two economies. Indeed, we find the impact of current 
unemployment on inflation to be stronger in the US case relative to A u t - i ,  
while the effect of changes in unemployment are larger for the Euro area. 
The implicit composite parameter th a t we derive from the estimations 
is substantially lower for the US (in particular for OLS estimation), while 
being close to the upper bound of 1 in the Euro Area, thus reflecting a 
significant degree of sclerosis.
Interestingly, a direct comparison of the coefficients of the two economies 
agrees with this conclusion. In fact, the k i  coefficient is always larger for 
the US, while Kg dominates in the Euro Area case. Surprisingly, how­
ever, the coefficient Kg on labour productivity delivers the opposite sign 
for both economies, indicating a positive relationship with inflation, which 
runs counter the theoretical prediction. Nonetheless, this is consistent with 
the in-sample correlation between inflation and productivity, roughly 0.4 for 
the US and 0.2 for the Euro Area. The estimates indicate th a t this variable 
has a lower effect on US inflation tha t on European inflation. This appears 
to indicate th a t labour productivity in the Euro-area is more sluggish, im­
plying th a t the Euro-area displays a higher degree of real wage rigidities, 
therefore reinforcing the view th a t labour market frictions play a more sig­
nificant role in European inflation dynamics.
The results above assume a stable NKPC, but, as it is visible from
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Table 3.2: Reduced-form Phillips Curve, eqs. (3.28)-(3.29), 1984:1-2007:4
US K2 K, c J
1984:1-2007:4 OLS 0.453 - 0 . 2 2 9 * 0.050 -0.225# — —
GMM-Zg)
(0.020) (0.411) (0.027) (0.413)
0.517 -2.451 0.145 -2.968 0.826 0.975
(0.015) (0.336) (0.019) (0.339)
GMM-Zg/ 0.395 -2.949 0.129 -3.344 O j#2 0.852
(0.021) (0.673) (0.023) (0.665)
GMM-Z*Se 0.506 -1.502 0.143 -2.008 Ot748 R874
G M M -ZS.
(0.024) (0.837) (0.021) (0.852)
0.543
(0.045)
-5 .633
(1.777)
0.073
(0.038)
-6 .176
(1.799)
0.912 0.497
Euro Area
1984:1-2007:4 OLS 0.079 -0 .044# -0.279 -0.035# — —
GMM-Z‘^/
(0.004) (0.249) (0.045) (0.250)
0.105 -0 .247# -0.568 -0.143# — 0.945
GMM-Z<?/
(0.004) (0.383) (0.056) (0.384)
0TG8 -0 .724 - 0.002 -0.782 0.926 0.518
GMM-Zg),
(0.004) (0.332) (0.060) (0.332)
0.101 -0 .506# -0.636 -0 .406# — 0.831
GMM-Zg>e
(0.004) (0.468) (0.066) (0.469)
0.058
(0.005)
- 0^88
(0.487)
-0 .003
(0.060)
-0 .947
(0.488)
0^88 0.185
Note: see notes to Table 3.1; #  means insignificant at the 10% level.
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Figures 3.1 and 3.2, the early part of the sample displays a lot more volatility 
and significant fluctuations in the mean of the series. This is confirmed by 
Andrews (1993) breakpoint tests on the OLS regressions, pointing to break 
dates around 1981-1982. Thus, we also report results (in Table 3.2) for the 
sub-sample 1984:1-2007:4.
The conclusions derived from the full sample estimation are broadly 
supported, namely in terms of the relative magnitude of k,i and k ,2 and the 
implicit 0  However, some coefficients are often insignificant for the Euro 
Area economy, and no meaningful C’s can be obtained (as these become 
larger than 1). Somewhat unexpectedly, Kg is always negative in the latter 
case, thus overturning the previous results.^ However, more sensible results 
were obtained for the US case. Note in particular the all reduced-form 
coefficients are smaller, revealing a slightly weaker inflation-unemployment 
trade-off, consistent with a decreased inflation persistence after the mone­
tary  policy tightening initiated in the early 1980s.
3.5.2 Exact N K PC
As mentioned in section 3.4.1, a richer version of the Phillips curve can 
also be estimated. Results for this case are presented in Table 3.3 for both 
sample periods studied previously. Several features are noteworthy. First, 
the results vary a great deal with the sample period, with coefficients often 
statistically insignificant across estimations. In addition, the signs are not
^This is not surprising as the simple correlation coefficient between inflation and 
labour productivity becomes negative (around -0.53) for this sample period, which sug­
gests some instability in the relationship.
6 8
always in accordance with the predictions of the model. For example, both 
Kq, k l  and display the ’wrong’ sign for the US case with the full sample, 
but this is reverted when the sub-sample is used. The sign reported for 
7 * is also inconsistent and not always positive, as expected. However, the 
correct sign is delivered for à t  (though usually insignificant), contrary to 
the previous results for the simplified NKPC. For the Euro Area case, it is 
more difficult to distinguish a pattern.
Note th a t in many cases, the estimated /? is above 1, though realistic 
values are within the associated confidence intervals. Nevertheless, this 
result indicates th a t a significant portion of inflation dependence appears 
to be intrinsic. Overall, the exact NKPC with unemployment seems to suffer 
from instability and specification problems, which makes interpretation of 
the results difficult.
3.6 Conclusion
In this chapter, we assess the empirical validity of unemployment-based 
New Keynesian Phillips Curves as in Blanchard and Cali (2010). We have 
estimated a simplified inflation equation derived from a New Keynesian 
Phillips curve which accounts for the labour market effects in marginal cost 
in its description of inflation dynamics. The simplified form is convenient 
in th a t it allows direct comparison of the flexibility of the labour markets 
in the Euro Area and the United States, and th a t it we can make inference 
from the reduced form parameter estimates. An entirely sclerotic labour 
market will be described, accordingly, by a smaller dependence on the level
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Table 3.3: Reduced-form ’Exact’ Phillips Curve, eq. (3.30)
US /? Ko I^L 7* J
1970:1-2007:4 OLS 0.779 0.041 -0.517 0.628 0.038# —
GM M -Ztt
(0.046) (0.517) (0.294) (0.316) (0.025)
0.994 1.741 -0.833 -0.938 -0.052 0.990
(0.044) (0.608) (0.245) (0.415) (0.017)
GMM-Zg> 0.967 2.159# -1.274 -0.869# -0 .004# 0.789
(0.060) (1.411) (0.592) (0.879) (0.021)
G M M -zSe 1.040 2375 -0.904 -1.525 -0 .057 0.811
GMM -ZSe
(0.067) (0.866) (0.369) (0.565) (0.025)
1.098 2.442# -1 .061# -1.442# -0.042# 0.649
(0.103) (2.022) (0.798) (1.311) (0.033)
1984:1-2007:4 OLS 0.600 -0 .258# -0.006# 0.451# 0.015# —
GMM-ZS>
(0.087) (0.574) (0.354) (0.359) (0.023)
0.927 -3.006 1.514 1.528 0 .011# 0.994
(0.060) (0.611) (0.307) (0.371) (0.013)
GMM-Z® 0.527 -11.941 5.769 6.401 0.053# 0.949
(0.218) (4.547) (2.166) (2.541) (0.035)
GMM-ZgJe 0.962 -3.156 1.697 1.471 - 0.002 0.920
GMM-Zg?.
(0.091) (1.507) (0.762) (0.813) (0.016)
0.991 -2 .889# 1.697# 1.193# -0 .005# 0.715
(0.163) (4.209) (2.121) (2.179) (0.023)
Euro Area
1970:1-2007:4 OLS 0.894 -0 .332# -0.172# 0.519 0.006# —
G M M -Z^
(0.033) (0.548) (0.301) (0.303) (0.031)
1.067 -0 .501# -0.062# 0.571 0.027 0.869
(0.023) (0.511) (0.259) (0.279) (0.016)
GMM-Zg) 0.976 1.043# -0.652# -0.389# 0.033 0.260
(0.026) (1.024) (0.501) (0.536) (0.002)
GMM-Zi& 1.112 1332 - 1.012 -0 .828# 0.109 Offi&4
GMM-ZgJe
(0.039) (1.041) (0.488) (0.587) (0.032)
Oj&9 -3 .964# 1.367# 2.612# 0.033 0.632
(0.047) (3.647) (1.692) (1.977) (0.030)
1984:1-2007:4 OLS 0.697 -0 .565# 0 .211# 0.380# -0 .093
GMM-ZM
(0.074) (0.481) (0.261) (0.256) (0.037)
1.093 -1.115 0.257# 0.855 0.016# 0.943
(0.050) (0.363) (0.188) (0.189) (0.018)
g m m -z 2 > 1.137 3.650 -1.890 -1.772 0.053# 0.652
(0.087) (1.704) (0.858) (0.860) (0.042)
GMM-Zg>e 0.659 -1.545 0.661 0.906 -0 .027# 0.621
GM M -ZSe
(0.065) (0.675) (0.326) (0.358) (0.023)
0.974 -1 .245# 0.360# 0.890# -0 .015# 0.302
(0.071) (1.356) (0.669) (0.703) (0.031)
Note: see notes to Tables 3.1 and 3.2; kJ =  —kq and 7 * =  — A4>7 is the 
reduced-form coefficient associated with labour productivity.
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of unemployment, as our param eter of interest (  is large, and a greater 
dependence on the change in unemployment. A more flexible or fluid labour 
market, such as the US, will be described by the opposite case.
The results on this simplified NKPC confirm the view th a t the US labour 
market is considerably more fluid th a t the Euro-area one. Moreover, the 
results appear to be robust across estimation methods. We find th a t cur­
rent unemployment in the US has a stronger effect on inflation, consistent 
with a more flexible labour market and conversely so for the Euro data, 
highlighting the sclerotic nature of the labour market in Europe. Further­
more we find th a t labour productivity has a higher effect on inflation in 
the EU than in the US, which is consistent with the recent consensus on 
the importance of modelling labour market frictions in Europe. Intrigu- 
ingly, the results have delivered the wrong sign, which could be explained 
by the fact th a t the model is based on the assumption of stationary labour 
productivity. The proxy used in this empirical exercise involves detrend­
ing labour productivity, as it displays a visible trending behaviour. Thus, 
more research needs to be conducted in order to  reconcile the model with a 
trending productivity variable.
The results for the exact version of the NKPC are somewhat disap­
pointing. One possibility is to specify a ’hybrid’ exact NKPC as in Cali 
and Gertler (1999), by including a term  on lagged inflation. This requires, 
however, an appropriate treatm ent of price indexing from the outset and is 
therefore left for future research.
In the estimation front, we focused on the reduced-form coefficients, 
which is a somewhat restrictive approach. Although it is not possible to
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recover all the structural parameters, by calibrating some of these, one 
should be able to obtain more informative results regarding the importance 
of labour market rigidities. AlsOj although we try  to minimise weak and 
many instruments issues in GMM estimation, the use of robust inference 
techniques as discussed in Kleibergen and Mavroeidis (2009) would be an 
im portant step forward.
Finally, it would be interesting to  compare the approach covered here 
with the one suggested in Blanchard and Gali (2007). In this paper, the au­
thors derive a NKPG with real wage rigidities, in which unemployment and 
a non-produced input are the forcing variables. Estimating and comparing 
this model would certainly be relevant, while integrating the non-produced 
input in the Blanchard and Gali (2010) framework could bring some empir­
ical benefits.
Overall, the inclusion of labour market characteristics in the determi­
nation of marginal cost, and thus inflation, has im portant consequences for 
modern macro modelling, especially with respect to  how inertia, displayed 
in the data, should be sourced and channelled accurately in those models. 
This study gives further foundation to  this view, although further research 
is required.
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3.A Derivation of the Model
3.A .1 Preferences
The New Keynesian model relaxes the assumptions of perfect competition 
and price flexibility through the introduction of a Dixit Stiglitz consumption 
index, in order to differentiate goods, and also by adopting a staggered price 
setting model, Calvo (1983).
Households maximise:
CX3
i=0
where C t  and N t  represent consumption and labour in period t  and P  is the 
discount factor.
However, in order to  introduce, i, differentiated goods, Q  is now a con­
sumption index given by
C t =
where £ is the elasticity of substitution 
The budget constraint now takes the form
r T^(%)Q(2)d2 +  -b WtAf -b If
Jo
To derive the demand equations we maximise consumption,(2) subject to
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any given level of expenditure, say
I  m c t i o d
Jo
Formally we write the Lagrangian as:
1 , N ^l - r
The first order condition
d L
=  0
produces only one first order condition in A
C t { i ) - { C t ) - >  =  \ P t { i )  
for a second good, j ,  we can write the above again
=  X P t U )
to  substitute out A which produces an Euler equation:
P t{ i )
C t { i )  =  C t { j )
Ptii)
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Substituting this into the expression for consumption expenditure, gives
f P t ( i ) C t U )
Jo Pt(j)
Extracting constants and rearranging
d i  =  Z t
Simplifying
Ct(j)PtUY P  Pt{i)^^-‘ d^i =  Zt
J o
P,. z ,
or
p .
y
restating in good i  gives optimal consumption of good, i.
z^ y z^
Substituting into the definition of the consumption index gives
- if, ((
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Extracting constants and simplifying
C t  =  d i
1 \  E-i
p  P t{ i ) -  
J o
=  F f - ^ Z ,  I  t ( i ) - ‘ d i
Ct =  P,-^Zt
or the level of expenditure in the economy is equal to the price level multi­
plied by aggregate consumption.
As Z t  is the given level of expenditure it follows th a t
Jo
a  =  P t C t
Finally, substituting into the expression for optimal consumption of good, 
i, yields
P t  j  P t
which simplifies to the consumers demand equation
The Households Intertemporal Problem
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Households maximise
E o f 2 / } ‘U { C u N t )
i=0
subject to
P t C t  +  Q t P t  ^  B t - i  +  +  T t
which can be re-written
^  , Q t P t  ^  B t - i  , HfAf T t
+ f i
Formally we can write the Lagrangian
oo ,
L  =  £ ,  /3’ [t/(C e+ i, Nt+i)] + \t+ i
i=0 X
Ct+i +
Q t+ iB t + i  B t + i - i  W t + i N t + i  T t+ i
P t+i Pt+i PfA-i
with first order conditions
L c  =  E t  [p^Uc,t+i +  Xt+i] =  0
L n  =  E t
Lb  =  E t
Un,t+i — Xt+i
Qt+
t+i
Pt+i
1
=  0
 ' ^ t+ i+ l-^ ------
t^+i -n+i+1
=  0
Equating L c  and L n  gives the Euler equation for labour supply
Un,t _  ^^t
[/c,( "
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Substituting L e  into L b  gives the Euler equation for consumption
E t
1 P t
Qt Pti+1 _ =  Et [l3‘Uc,t]
or
Qt — PEt
Assuming a period utility of
U,c,t+l f
Uc,t Pt+lj
U { C t ,  Nf )  —  l o g C t  — X
The consumer’s optimality conditions thus become
AT'
Qt =  PEt C m \ “ '  P t
(3.32)
Ct J Pt+i
To linearise the two optimality conditions consider the following:
Let f t  be an economic variable of interest and let /  be its value at steady 
state then the log linearised form of f t  can be expressed as /  such th a t if:
/ , = / )
f t  =  f e x p { l o g j )  
f t  =  f e x p { l o g { f t )  -  l o g { f ) )
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If
f t  =  l o g ( f t )  -  l o g i f )
then
f t  =  f e x p { f t )
A first order taylor expansion on exp(fy) around zero yields the result:
e x p { f t )  ~  1 +  Â
We can re write the labour supply Euler as (ignoring % as a constant)
1 =  exp{ct +  ifUt + P t -  Wf)
Using our linearisation result the log linear form becomes
1 =  1 +  Q +  (prit P p t ~ m
or
W t - P t  =  c t  +  ^ r i t
Define i t  =  - l o g { Q t ) ,  p  =  - l o g { P ) ,  'Kt+i =  V t+ i ~  Pt 
Then we can rewrite the consumption Euler as
1 =  E t  [ e x p { i t  — Acf+i — 7Ti+i — p ) \
As before
1 =  Ef [1 +  i t  — Acf+i — 'K t+ i — p)]
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Rearranging
E t  [ct+i — C t ] l  =  E t  [it — 7 r t - \ - l  — p]
As E { c t )  =  Cf at t + 1  then
Ct =  E t[c t+ i]  — [it — Et{7Tt+i) — p]
gives us the two key linearised optimality conditions; 
labour supply
W t - P t  =  ct +  (prit
and consumption
Ct =  E t[c t+ l]  — [k  — Et{TTt+l) — p]
3.A .2 Technology
There is a continuum of monopolistically competitive final good firms each 
producing a differentiated final good, i .  Final good production evolves 
according to
(3 33)
where X t { i )  is the quantity of the single intermediate good.
Intermediate goods are produced by a large number, j ,  of perfectly compet­
itive firms, the output of which is described by the production function
X t U )  =  A t N t U )
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where A t  represents exogenous and identical technology for all firms. 
Employment in firm j evolves according to
Nt{j) = (1 -  S)Nt-i{j )  +  HtU)
with separation rate 6  
3.A .3 Labour Market
Assuming full participation, beginning of period unemployment is given as
=  1 — Nt—i +  6Nt—i =  1 — (1 — ô'jNt—i (3.34)
Aggregate hiring evolves according to
A, =  A( -  (1 -  (3.35)
where H t  =  H t { i ) d i  and N t  =  J q N t { i ) d i  denote aggregate hiring and 
employment respectively Labour market tightness, x t ,  is defined as the ratio 
of aggregate hires to unemployment
xt =  —  (3.36)
where a;* G [0,1]
Hiring costs are given by G t H t ( j )  where the cost per hire, Q ,  is independent 
of the amount of labour each firm hires, H t { j ) .
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G t is dependent, however, on labour market tightness. More formally
Q  =
where o: >  0 and B is a positive constant. We can also define 9 t =  ^  for 
later use.
Finally it is also useful to define an alternative measure of unemployment, 
u t ,  given as the fraction of the population who are left without a job after 
hiring has taken place in period, t.
Formally
Ut =  U t — H t  =  1 — N t
3.A .4 The Constrained Efficient A llocation
The benevolent social planner maximizes utility subject to  0 < < 1 and
the aggregate resource constraint
Q  =  At(A( -  (3.37)
Combining the Euler equations to this problem gives the optimality condi­
tion for the social planner
x G t N t  <  A t — { l + a ) A t B t X t + P { l —6 ) E t  — A t + i B x f ^ i ( l  -b a ( l  — X t+ i)Ç ^
(3.38)
The LHS of this equation is the marginal rate of substitution and the RHS 
represents the marginal rate of transformation between consumption and
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leisure, of which the first component makes up the marginal product of 
labour and the second the savings from reduced hiring costs in period t + 1.
Note the special case of no labour market frictions, B  =  0; the constrained- 
efficient allocation implies a level of employment invariant to productivity 
shocks.
Xivy*’ =  1 (3.39)
Substituting the resource constraint (3.6) into (3.7) and solving implies a 
constant unemployment rate given by:
where x*  is the constrained-efficient allocation constant job finding rate.
3.A .5 Equilibrium Under Flexible Prices
The intermediate firm will maximize profits
OO
Bt Qt,t+k{Pt+k{i)yt+k{'^ ) — Pt+k t^+kXt+k{}) — Pt+kGt+kHt+k{i)) 
k=0
Subject to the demand constraint
y t ( i ) = \ ^ )  ( C t  +  G t H t )
for f =  0 , 1, 2 .. and taking as given the paths for the aggregate price, P t,  
the real wage, W t ,  and where Q t,t+ k  =  is the stochastic discount
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factor for nominal payoffs.
The optimality condition for the intermediate firm can be written as
marginal revenue equal to marginal cost:
C t) A t  — W t  G t  — P { 1  — S ) E t
Gi
G i+1
t+1
(3.41)
which we can combine with the profit maximising condition of the final good 
firm
where M  =  ^
Rearrange to describe the hiring rate as dependent on the expected dis­
counted path of marginal profits generated by the additional hiring of 
labour.
/   ^ W .\ [ r . 1
(3.42)
Gi
C t _
^ t + i
t+1
3.A .6 Real W age R igidities
The presence of labour market frictions generates a surplus to be shared 
between employee and employer, the proportion of the allocated share of 
this surplus is determined by the wage rate.
A relation between employee and employer shall be efficient so long as the 
share received by employer, S { ,  and tha t by the employee, S t ,  are both 
positive for all t.
In our model a sufficient condition for >  0 is given by the labour
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supply relation, W t >  x C t N f  and for S (  by the intermediate firm’s positive 
profit condition W t  <  ^ ^ A t -
Thus, it follows th a t any wage tha t satisfies
for all t, will be consistent with equilibrium. 
We assume a wage schedule of the form
(3.43)
where 7  G [0 , 1] is an index of real wage rigidity, and 0  is a positive constant.
Denoting A as the unconditional mean of A t  we assume tha t 0  =  ( ^  — 
{ 1 — P { l — 5 ) ) B x ^ ) A ' ^ , which implies the mean wage coincides with the mean 
wage under Nash bargaining, not discussed here. Combining the above with
the price setting wage, (3.11), gives equilibrium under real wage rigidities.
C t A t+ l  n  a
A,
(3.44)
Rearranging, and solving forward yields
k=0
I ^  - ^ A + k
where A t,t+ k  =  { C t / C t + k ) { A + k / A ) -
(3.45)
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3.A .7 N om inal R igidities
The final goods firm may reset its price with constant probability 1 — 0 in 
any given period, a la Calvo (1983). Thus the aggregate price level can be 
described as
Pt =  +  (1 -  (3.46)
Dividing through by Pt-i yields
= e +  (3.47)
Define =  lo g U t  and p t  =  lo g P t  then we can rewrite the aggregate price 
level as
e x p [ { l  -  e )T ït) =  ^ +  (1 -  9 ) e x p { { l  -  e ) { p l  -  p t - i ) )
Using our earlier taylor expansion result
1 +  (1 — e)'K t =  1 +  (1 — 0)(1 — £){p*t — V t - i ) )
simplifying gives the log linear approximation to  the aggregate price index 
around the steady state
TTf =  (1 -  e ) { p l  -  p t - i )  (3.48)
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Firms choose a price to maximise
oo
9^ Bt[Qt,t+k{Pt^t+k/t — '^t+k{yt+k/t))] (3.49)
* fc=0
subject to the demand constraint
Lf+fc|f =  Ct+k (3.50)
note th a t costs, " ^ t+ k iT t+ k /t)  are written as an implicit function of Y t+ k  
also tha t
^ t+ k \t — - ^ ^ t + k \ t { P t )
The first term  in our argument, P fY t+ k \ t , can be written as
with its derivative
d P t'Y t+ k \t _ . f P t
or simply
d P :
=  (1 -
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These expressions help us to understand how we can write the F.O.C as
( { 1  -  e )Y t+ k it -  e Y t+ ^ t { P n - ^ % + k ( X t + k \ t ) ) ]  =  0
fc=0
Multiplying through by P / / ( l  -  e )
oo r /
Qt,t+k (P t^ t+ k \t —  ^ _  .^^t+k\t^t+k0^t+k\t)
k=0  ^ ^
=  0 (3.51)
and simplifying
OO r /
E  Q t,t+ h Y t^ k \t  { p :  -  - ^ % + k ( y t + k i t )  
k=o L \  ^ ^
=  0 (3.52)
If the frictionless mark up, A4 =  ^  and nominal marginal cost is expressed 
as i/jt+kit =  % + k 0 ^ t+ k \t)  then
oo
E t  [Q t,t+ ky t+ k\t {P t ~  X l A + k \ t ) ]  =  0
fc=0
which can be also written as
oo
E  [Qt.t+kyt+kit {P: -  MPt^kMCt+it)] =  0 (3.53)
k=0
Dividing through by P t - i  and letting =  P t+ k /P t
k=0
Qt,t+kyt+kit ( p —  — MMCt+kitW-itt+k
t - 1
=  0
where MCt+kit =  A+kit/Pt+k is real marginal cost
Around the steady state we have that Pf /P t - i  =  1 and =  1, ie
constant prices, P f  =  P t - \ - k  from which it follows that, in the steady 
state, Y  =  Y t+ k\t , M C  =  M C t+ k \ t and Q t,t+ k  =
To linearise the firm’s price decision first we rewrite:
P j _  A > SZHo [Q t,t+ k y t+ k \tX fC t+ k \th lt- i ,t+ k ]
B t-1 'T fk= o ^ ^ B t  [Q t,t+ ky t+ k\t]
Taking logs of both sides
oo oo
P t~ P t- i  =  l o g M - P l o g 9^Et  \Qt,t+kyt+k\tXICt+k\tB.t-i,t+}^ —l o g 9^Et  [Qt,t+kyt+k\t] 
k=0 k=0
If we write Z t =  p i  — p t - i  then a simple Taylor first order approximation  ^
yields
OO OO
z, s  l o g M  +  lo g  E  [0 '‘Y M C ]  -  lo g  E  ^ '‘E t  [/3‘y ]
A;=0 fc=0
OO ^
oo p.
+ B f ^ r r ^  \fogyt+k\t — lo g Y ]
k=o
k
oo
Q  * d M C t+ k \ t
lo g M C t+ k \ t  —
+  X /  — '—  [^^9 B -t-i,t+ k  -  0]^  d U t- i , t+ k
^ I f  Z t  =  F ( Q t ,  Yt ,  M C t, H t) w ith  s teady  s ta te  values Q, Y,  M C ,  H th en  a  Taylor approx im ation  to  Z t  can be given 
by F { Q t , Y t , M C t , n t )  S' F ( Q , Y ,  M C , n )  + F p i Q t  - Q )  +  f y ( n  -  Y )  + F M c ( M C t  -  M C )  + F n i U t  -  n).
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Evaluating the derivatives at the steady state
________________________________  d z t  dQ t,t+ k
9 lo g Q t,t+ k  ^ Q t,t+ k  d ^ 0 9 Q t,t+ k
g k y
E Z o S ' ‘Y ’‘y l
13'= =  0
d z t dz,. d Y tt+k\t
d logY t+ k \t dY t+k\t d logY t+ k \t
d z t
M y  =  0
_______________________________________  d z t  d M C t+ k \t
d lo g M C t+ k \t d M C t+ k \t d lo g M C t+ k \t
d z t  d z t  d U t - i , t+ k
dlogHt-i,t+k dUt-i^ t+k dlo9^ t-i,t+k 
Substituting the derivatives into, and noting th a t the first three terms in Zt 
sum to zero yields
p ; - P t - i  =  E ( i -e /3 ) (e 7 '= ) s <
fc=0
lo g M C t+ k \t — lo g
M
+ y ^ ( i — \p t+ k — P t - i
k=0
Simplifying
k=0
'IXlCt+k\t — +  pt+ k — P t-1
Define m c l+ k \t =  '<xict+k\t ~  'oxc as the deviation of log marginal cost from 
its steady state value, m e  =  —fi ,  where j i  =  lo g M .  is the log of the desired 
gross markup, then
oo
Pt — P t - 1  =  (1 — 9 ^ )  [m ct+k\t +  Pt+k — P t~ i]
k=0
Real marginal cost is given by the relative price, assuming perfect compe-
^u sin g  =  TZ%-
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tition in equation (3.10), or th a t
p .
and together with the expression for the real wage (3.18), real marginal cost 
is given as:
MCt =  O A p  +  -  /3(1 -  5)Et
which linearizes to
Ct Q + il
Ct+1 A  J
(3.54)
mct =  agMxt  -  y^(l ~  5)gMEt ((q -  àt) -  (ct+i -  ât+i) +  axt) -
(3.55)
where 4> =  M . W / A  =  1 — (1 — ^(1 — 6 ) ) g M  <  1 
Market clearing in the goods market requires:
y^(4 =  Q (4
If
then it follows tha t
Y t =  (
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and th a t aggregate output is equal to  aggregate consumption
=  Q
Accordingly from the consumption Euler and the market clearing condition 
we can yield the equilibrium optimality condition
Vt =  ■E’fbt+i] — [h  — E {TTt+ \) — p]
Equilibrium in the labour market requires th a t each household provides an 
amount of labour N t  which is equal to the sum of labour supplied to each 
firm.
Jo
Using the production function and the consumers demand equation
i : A ,
N , = f
V A t
d i
J
We can define a measure of price dispersion as
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thus we can rewrite the previous expression
to arrive a t the aggregate output equation we can linearize the above ex­
pression by rewriting
1 =  e x p { y t  r it)
Using our linearisation result gives the equilibrium output relation
=  2/f ~  +  d t
Assuming th a t price dispersion is close to zero around the steady state we 
have
y t  =  a t +  n t
The firms price setting condition can be written
oo
Pt — Pt-1 =  (1 — dP) [inct+k +  Pt+k — Pt-i]
k=0
Rewriting
oo oo
P i -  P t-1  =  (1 -  $ 0 )  Y , { e 0 f E t m c t + k  +  (1 -  0 0 )  Y , ( O 0 f E t ^ f v k
k—0 k=0
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Forward one period
oo oo
Pt+1 ~Pt =  0- — d/3) Et+imct+i+k +  (1 — 0(3)
fc=0 A;=0
Taking expectation and combining these two equations yields 
Pt ~  Pt-i = P9Et{pt^i — Pt) +  (1 — 9(3)mct +  ttj
Combine this version of the firms target, or optimized, price with the lin­
earized aggregate pricing mechanism to get the NK Phillips curve
TT* =  /?Ef(7rt+i) +  ymcf
where 7  =
3.A .8 The Log Linearized Steady State
A log linearized zero-inflation steady state, denoted by lowercase variables 
with hats describe deviations from the deterministic steady state:
The Phillips Curve
7Tt =  P E t i i ^ t+ i )  +  Amcf (3.56)
where A =
Marginal Cost
rh c t =  o c g A d x t— ^ { \ — 5 )g A 4 .E t{ c t  — à t)  — (q+i — -f O iX t~ ^ 'y à t  (3.57)
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where 0  =  M W j A  =  1 — (1 — ^ { 1  — S ) ) g M .  <  1 
Labour Market Tightness, (3.5)
ô x t  =  f i t  — {1 — 6 ) { 1  — x ) f i t - i  (3.58)
The Aggregate Resource Constraint
c t — à t +   ----------- +  g - ---- — -— ^ j - ô x t  (3.59)
1 — o g  3 — o g  3 — 6g
Consumption Euler
ÿ t  =  E t[y t+ i^  — [it — E { 'K t+ i) — V t] (3.60)
where the natural rate of interest, =  p  +  a  E t  A y
3.A .9 The Phillips Curve in Unem ploym ent
Combining (3.26) and (3.27) we derive an expression for consumption in 
terms of unemployment
Ct =  à t +  ^oTit +  ^ i H t - i
where & =  and Ç, =
Using this expression with (3.26) into (3.25) gives
m c t  =  hoU t +  h i u t - i  +  h r E t n t + i  -  ^ j à t
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where
^0 = {cigM./S){l-\-^{1 — 5Ÿ{1 — x)) +  !3{1 — 5)gM.{^i — 
hi, =  —{agAi/6){l  — 0){l — x ) —P{{l — 6)gAi^i) 
h p  =  —!3 { l — S ) g A 4 . { { a / ô ) — ^Q)
Replacing the above expression for marginal cost into the Phillips curve 
yields the Phillips curve in terms of unemployment
7Tt =  -  hiQUt +  n A - i  +  !^F E t[u t+ \]  ~  (3.61)
where kq =  A/iq/ (1 — u ) ,  K p =  —A/t%,/(1 — u ) ,  tz p  =  — X h p / (1 — u )
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Chapter 4 
A New Keynesian M odel with  
Heterogeneous Price Setting
The firm’s optimal price decision ultimately contributes to the derivation of 
the new Keynesian Phillips curve along with the aggregate price mechanism. 
The Phillips curve in this chapter is derived inside a fully specified dynamic 
stochastic general equilibrium model th a t accounts for heterogeneity in price 
setting. The empirical methodology of Bayesian estimation provides us with 
a full information approach to question the assumption in the Calvo contract 
th a t all firms face the same probability of price change and find evidence 
tha t supports the recent micro level literature which suggests the same.
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4.1 Introduction
The Calvo contract pricing mechanism has become the most widely accepted 
microfoundation to the NK Phillips curve, but unfortunately predicts tha t 
all firms in the economy face the same probability of price change. To better 
explain the stylized fact this paper relaxes the homogeneous firm assumption 
in the Calvo contract to provide a multi Calvo macroeconomic explanation 
more consistent with recently available microeconomic evidence, th a t sug­
gests firms face differing probabilities of price change. A simple New Key­
nesian dynamic stochastic general equilibrium (DSGE) model is presented 
with sticky prices and habit in consumption, for the US area. The model 
type is chosen for the economical use of theoretical innovation, and intro­
duces a stylized aggregate pricing mechanism to account for recent micro 
level evidence tha t suggests that, contrary to  the Calvo prediction, firms 
face differing probabilities of price change. The resulting aggregate price 
mechanism captures these differing probabilities via heterogeneous price 
sectors; a flexible price sector, a rule of thumb price sector and a traditional 
Calvo sector. A set of restricted models, with the habit parameter set to 
zero, are then estimated using Bayesian techniques and find an estimated 
size for the flexible price sector and rule of thumb sector of around 6% and 
55% respectively. For the unrestricted set of models, with non zero habit 
consumption, the results consistently predict a flexible sector of around 6% 
and show tha t controlling for heterogeneity in price setting can improve 
the overall model fit. Furthermore, for the unrestricted case, the innova­
tions substantially increase the persistence of monetary shocks, a finding
consistent with Carvalho (2006).
Modern monetary policy relies on the stabilization of prices through 
mechanisms employed by national and central banks whose remit is to pro­
mote price constancy. A key issue for the central banker when applying 
mechanisms of price inflation control is the degree of ’stickiness’ in the econ­
omy, or the lag with which prices react to  a monetary policy shock. The 
modern breed of dynamic macro models need to explain the stylized fact 
so th a t the central bank can answer questions of relevance to the conduct 
of monetary policy. One of the most qualified criticisms of the standard 
New Keynesian (NK) model is its inability to generate as much inflation 
persistence as th a t displayed in the stylized fact. Attem pts to  address this 
problem include numerous ad hoc adjustments to the NK Phillips curve 
using competing micro foundations, such as the time and state dependent 
pricing mechanisms of Calvo (1983), Taylor (1980) and Rotemberg (1982), 
even the addition of a backward looking element to complement the ratio­
nal expectations argument in the Phillips curve to increase price rigidity 
and address this issue, see Gali and Gerlter (1999) and Sheedy (2007) for a 
microfounded hybrid NK Phillips curve.
Recent evidence from the Inflation Persistence Network, IPN^, namely 
Euro micro data, has questioned the ability of all the structural models 
to explain the micro level behaviour, see Angeloni et al (2005). Specifi­
cally that, according to these facts, unconditional hazard functions of price 
changes are decreasing in the duration of price contracts. Gontrary to these
^The Inflation Persistence Network, (IPN), is a team of Eurosytem economists un­
dertaking joint research on inflation persistence. The IPN is chaired by Frank Smets, 
European Central Bank.
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findings the widely accepted Calvo contract pricing mechanism, whilst ap­
pealing in its tractability and aggregate approximation, predicts a fiat haz­
ard rate of price change, suggesting th a t all firms face the same probability 
of price change regardless of contract duration due to the assumption of ho­
mogeneous firm types. There is a growing micro level literature, discussed 
in the following subsection, th a t provides evidence of downward or upward 
sloping hazard functions of price change th a t challenge this prediction, dis­
cussed in the following subsection. None of these studies find evidence of 
the Calvo predicted flat hazard rate of price change.
The relaxation of the homogeneous firm assumption in the Calvo con­
tract is motivated by the recent microeconomic literature on price changing 
behaviour in an attem pt to  provide a macroeconomic model more consistent 
with this recent evidence. This chapter presents a baseline New Keynesian 
dynamic stochastic general equilibrium model, essentially a derivative of 
Cali (2002), with sticky prices and habit in consumption, for the US, which 
is estimated using Bayesian techniques with three key economic variables: 
output, prices and the nominal interest rate. To drive output from its nat­
ural rate, we introduce three shocks to monetary policy, productivity and 
government expenditure. The key innovation is the simple relaxation of 
Calvo’s assumption of homogeneous firm types using a stylized aggregate 
price mechanism, more specifically the inclusion of heterogeneous price sec­
tors in the model. It is well documented th a t the modern breed of macro 
models require some explanation of the existence of a flexible price sector, 
or description of firms tha t change prices more frequently, an issue discussed 
in Smets and Wouters (2007).
1 0 0
To the baseline model, the inclusion of a flexible price sector, so de­
scribed, intuitively reduces the ability of tha t model to explain inertia dis­
played by the data  and raises the enquiry of just how th a t inertia should be 
represented in the modern breed of macro models. There is an emerging lit­
erature which concerns itself with the subject of the source, or channelling, 
of inertia. Such a recent argument concerns itself with whether or not we 
should rely on nominal or real rigidities to  provide the bulk of inertia in 
modern macro models, see Blanchard and Gali (2010) and Riggi and Tan- 
cioni (2010) for an extensive discussion. This recent deliberation within 
the macro literature, combined with the discussion over the source of in­
ertia, motivates us to  recognize th a t the micro foundations introduced to 
our models must accurately describe the micro data  they attem pt to  model, 
rather than solely provide a theoretical underpinning to  innovations tha t 
provide a better fit to the data for which the models attem pt to emulate. 
Accordingly we estimate two sets of models; a restricted set with habit pa­
rameter set to  zero which relies solely on the Calvo explanation to explain 
persistence, outside of the monetary rule, and an unrestricted set with non 
zero habit consumption allowing output persistence to  reduce the reliance 
on the Calvo parameter.
The preference for a Bayesian approach to our estimation of the model 
is th a t it can utilize prior information, or beliefs, to characterize the poste­
rior distribution of the model’s structural estimated parameters, a distinct 
advantage over other methods of estimating these structural model param­
eters, and additionally provide us with a posterior odds analysis to  imply 
probabilities th a t can be assigned to competing models, even where models
1 0 1
are not nested, although in this analysis the models are nested. We find 
th a t a simple baseline model th a t incorporates heterogeneous price setting 
can improve overall fit, or the ability to describe the inertia within the data, 
depending on the model type th a t the innovation is nested within. Our es­
timates predict a flexible price sector in the US of around 6% and a rule 
of thumb sector of around 55-70%. Although a model without the flexible 
price sector is preferred initially over the baseline case, the inclusion of habit 
in consumption to our model reverses this result so th a t the model with a 
flexible price sector is preferred over the baseline with habit. In both cases 
the estimated size of the flexible price sector is around 6%.
The rest of this section discusses the literature on price change and the 
innovation in our analysis. Section 2 sets out a simple baseline New Keyne­
sian model with sticky prices and habit in consumption which is developed 
into a DSGE with shocks to productivity, demand and monetary policy. 
Section 3 describes our Bayesian methodology for estimation of the model’s 
structural parameters and comparison of two sets of competing models; 
The restricted set (Models 1 to 3), with habit param eter restricted to zero; 
Model 1 with a flexible and rule of thumb price sector. Model 2 with only 
a rule of thumb sector and Model 3, a baseline without innovation. The 
unrestricted set (Models IH to 3H); share the same specifications respec­
tively but with the habit parameter unrestricted. The final section discusses 
the results of our estimation, the model comparison, and opportunities for 
further research.
1 0 2
4.1.1 The Literature on Price Change
The recent micro level research results provide us with an informed direc­
tion to  improve model building beyond the answers to the Lucas critique, 
a source already commonly employed by recent business cycle literature 
for the formation of priors and calibrations before estimation of compet­
ing closed macro models. Most of the micro literature on price change, to 
date, uses the focus of the slope of the hazard function in price change. 
The hazard function in price duration could be defined as the probabil­
ity, at a particular time t, of a firm resetting its price as a function of the 
time since its last price change. If prices become more likely to change, 
the older they become, then the hazard function of price change would 
become upward sloping, the la tter outcome providing Sheedy (2007) with 
the motivation for a micro founded hybrid New Keynesian Phillips curve. 
Angeloni et al. (2005), suggest th a t new micro evidence collected by the 
Eurosystem via the IPN seriously challenges the most commonly utilized 
assumptions in the current micro founded macro models. Unconditional 
hazard functions of price changes are decreasing in the duration of price 
spells, a fact which poses problems for both the standard state and time 
dependent model explanations. The standard time and state dependent 
models of Calvo (1983), Taylor (1999) or Rotemberg (1982) often rely on 
adjustments in order to generate sufficient inflation persistence, suggesting 
th a t these structural models can merely explain moderate persistence dur­
ing periods of monetary stability. This unresolved question, th a t the macro 
evidence can not distinguish between competing micro foundations, does
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not lend to the successful development of new theory.
The inability of the standard state and time dependent models to ex­
plain sufficiently inflation persistence without adjustment may lie with the 
cause of th a t persistence. The standard models describe nominal rigidities, 
but there may also exist real rigidities. Real rigidities are not under consid­
eration in this analysis, however there is growing commentary in this area, 
see Choudhary, Karlsson and Zoega (2007) for a micro discussion. Blan­
chard and Gali (2010), offer a real wage rigidity as a labour market friction 
in the baseline NK model in an attem pt to  address one of the main draw­
backs of the standard NK model, namely th a t the model has an inability 
to generate inflation inertia beyond th a t inherited from the output gap. 
Riggi and Tancioni (2010) criticise the Blanchard and Gali real wage rigid­
ity for generating excess real wage smoothness, caused by the constancy of 
the param eter representing the degree of wage stickiness. They call for the 
introduction of nominal wage rigidities; although we already have several 
studies th a t encompass these nominal rigidities such as the popular model 
of Smets and Wouters (2003) and its derivatives.
This most recent debate, on the location of inertia and the arguments for 
the use of real vs nominal rigidities to describe it, encourages us therefore, 
not to  concern ourselves with the amount of persistence th a t a particular 
micro-foundation can provide us with but to recognize tha t the micro foun­
dations introduced to our models must accurately describe the micro data  it 
attem pts to model. Other micro literature tha t implements a hazard func­
tion approach include Dias et al. (2005) who estimate a hazard function for 
Portugal, but find th a t the frequency of price change tends to depend on
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sectoral heterogeneity, as some firms depend on state dependent factors and 
some on time dependent. Dias et ah, using an estimation of hazard function 
approach, suggest tha t, from an economic point of view, state dependent 
rules are clearly more attractive than time dependent rules as they assume 
agents base their decisions on a cost-beneht analysis. The main problem 
for time dependent rules is that, by nature, they are ad hoc hypotheses 
and therefore unrealistic. A simple time dependent rule cannot provide a 
reasonable approximation to  the data  and thus state dependent models are 
required to fully characterize price setting behaviour of Portuguese firms. 
They find tha t the significant state variables are inflation, demand and size 
of previous price change. Controlling for this heterogeneity is one way to 
tackle this bias when estimating the hazard function.
Angeloni et al. (2005) consider survey evidence in respect of:
•  Size of Firm
• Explicit/Implicit Contracts
• Sectoral Differences
They find th a t these factors are all significant heterogeneous factors behind 
price rigidities. Instead of the model of monopolistic competition a la Dixit 
and Stiglitz, they call for more complex tractable market structures. Car­
valho (2006) shows th a t allowing for sectoral heterogeneity produces larger 
and more persistent effects from monetary shocks than would be the case in 
a homogeneous firm price setting economy; and th a t accordingly, an iden­
tical firm model would require a price changing frequency of up to three
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times higher than the average heterogeneous economy to approximate these 
dynamics.
The Calvo and Taylor contracts predict a constant hazard rate, when 
they are, according to the new evidence, in fact decreasing or increasing in 
the duration of price spells. Aucremanne and Dhyne (2005) and Dias et al. 
(2005) show th a t these unconditional hazard functions become flatter when 
one controls for heterogeneity. Alvarez, Burriel and Hernando (2005) show 
th a t a mixture of pure Calvo with different probabilities of price adjust­
ment provide a good estimation of declining hazard rates. They assume an 
economy made up of several types of Calvo agents; a flexible group of Calvo 
agents (price duration 1 month), an intermediate set of Calvo Agents (10 
months), one group of sticky agents (3 years), and one group with an an­
nual Calvo type price setting mechanism (18 months). Although this study 
applies a more parsimonious approach within a New Keynesian framework, 
the work of Alvarez et al. to address this issue provides a significant moti­
vation for the model in this chapter. There is a growing literature providing 
microeconomic evidence on the slope of the hazard function, in duration of 
price change, such as Baumgartner et al. (2005) for the Euro area, Naka­
mura and Steinsson (2008) and Campbell and Eden (2007), for the US, all 
find in favour of a downward sloping hazard function. Baumgartner et al. 
(2005) find, in an Austrian study, th a t the aggregate hazard function for 
all price spells is decreasing with time, although they also find strong evi­
dence of state dependent or heterogeneous effects on price change, an issue 
addressed by Carvalho (2006). Nakamura and Steinsson (2008), using US 
data, find th a t hazard functions are predominantly downward sloping for
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the first few months with a significant twelve month spike, which is more 
pervasive in producer prices rather than consumer prices. Campbell and 
Eden (2007), using US scanner data, find th a t the longer a nominal price 
remains unchanged the less likely it is to change, a finding consistent with 
a downward sloping hazard function. Contrary to  these findings are those 
of Cotte et al. (2005) and Cecchetti (1986) who find strong evidence of 
upward sloping hazard functions. Another study in this area by Nakumura 
and Steinsson (2007) finds th a t hazard functions are largely flat with a spike 
at about one year suggesting a cluster of annual price changes. As far as the 
author is aware there are no findings of a purely horizontal hazard function 
of price change, predicted by the widely adopted Calvo contract.
The model introduced in the following section introduces the notion of 
flexi price firms mixed with rule of thumb prices and the standard Calvo 
agent. The adoption of this innovation ultimately and predictably changes 
the level of persistence th a t can be explained by the Calvo contract, but 
is an attem pt to encompass the recent microeconomic evidence and studies 
on price change.
4.1.2 The Micro Level Evidence
In the New Keynesian model prices are set by the firm in a monopolistically 
competitive environment. This feature is the key innovation over the base­
line real business cycle model with flexible prices. Prices are aggregated in 
a manner th a t provides the model with the ability to represent the kind of 
price inertia, or stickiness, displayed in the data, and enables the model to
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capture the real effects displayed by some of the stylized facts. The Calvo 
(1983) contract pricing mechanism has become the most widely accepted 
aggregator and thus microfoundation to the NK Phillips curve but unfortu­
nately predicts a ff at hazard rate caused by the assumption of homogeneous 
firm types. This assumption is not supported by the micro level evidence 
which is now discussed.
Angeloni et al. (2005) have suggested th a t the new micro evidence 
collected by the Eurosystem via the Inflation Persistence Network (IPN) 
seriously challenges the most commonly used assumptions in the current 
micro founded macro models. They highlight how the new research results 
can inform and improve model building. In order to  highlight the different 
forms of inflation persistence they introduce four categories of persistence:
Extrinsic Persistence: Persistence in the mark up, reflected by persistent
fluctuations in the output gap.
Intrinsic Persistence: Dependence on past inflation due to backward look-
ingness.
Expectations Based Persistence: Persistence due to the formation of
expectations.
Error Term Persistence: Persistence in the stochastic error term.
Categorising the various forms of inflation persistence in this manner is 
a useful focal tool in which to further the understanding and explore the 
nature of persistence. Angeloni et al. (2005) acknowledge the difficulty
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of distinguishing, theoretically and empirically, between these categories, 
as they may prove integral around a general equilibrium. For example; 
during periods of high inflation expectation persistence can easily become 
correlated to intrinsic persistence. The new micro evidence collected by 
the IPN highlights several im portant stylized facts. Angeloni et al. (2005) 
describe three:
1) There is a large majority of firms th a t keep nominal prices unchanged 
for some time which is inconsistent with many models where firms change 
their prices all the time.
2) Firms also review prices on a time dependent basis. Hazard functions of 
price spells have local nodes a t durations of 12 and 24 months.
3) Unconditional hazard functions of price changes are decreasing in the 
duration of price spells. This fact poses problems for standard state and 
time dependent model explanations.
Despite the new evidence there still remains some debate as to  whether 
time or state dependence models are best capable of explaining the stylized 
fact. Dias et al. (2005), using Portuguese micro data, suggest th a t price 
change decisions are predominantly based upon economy state changes and 
similarly Angeloni et al. (2005) highlight large clusters of price changes 
around large and idiosyncratic shocks. They conclude th a t state depen­
dent models cannot sufficiently explain persistence, alone. In Taylor (1980) 
type models, the length of time between price changes is constant, and un­
surprisingly this becomes a difficulty in describing the complex micro level 
behaviour. Taylor contracts also lead to a high degree of price changing
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synchronisation which is inconsistent with the new micro data, although 
there are clusters around durations of 12 and 24 months. A further point to 
consider is th a t Taylor had mainly the labour market in mind when devis­
ing his price evolution mechanism, but we must consider th a t a firm cannot 
have complete control over wages over all states of the cyclical labour mar­
ket, which further complicates the description of its output, price, due to 
its inputs, labour.
Calvo (1983), by contrast, assumes random price changes where individ­
ual price trajectories vary over time. This is consistent with the variation 
in the new micro data. Given this almost stochastic variation, the Calvo 
contract provides a good explanation. One can imagine a law of large num­
bers effect on the outcome, where price setting is likened to a random walk 
process. Another advantage of the Calvo contract is th a t it can allow for 
longer periods between price changes, encompassing longer contracts. As 
Dixon and K ara (2005) argue, when comparing Taylor and Calvo contracts, 
the longer contracts in the Calvo distribution tend to make the economy 
behave more persistently, providing a superior foundation for staggered pric­
ing. Calvo assumes th a t all firms are identical, in fact whole industries face 
no barrier to  fluidity. The new micro evidence clearly rejects this assump­
tion with distinct heterogeneity across sectors and firm size. The Calvo 
model relies, ex ante, on the assumption th a t all firms within the same 
monopolistic sector are identical, and therefore cannot allow for the large 
positive and negative price changes tha t are observed at the micro level. It 
is possible, however, th a t these large positive and negative price changes 
wash out at the macro level, so tha t only aggregate shocks are observed, in
1 1 0
which case the Calvo model becomes useful. A further problem for the state 
dependent variation of price evolution is the exhibition of increasing hazard 
rates. Introducing heterogeneity can cause a fall in the hazard rate, but the 
upward sloping hazard rate dominates, see Alvarez, Burriel and Hernando 
(2005). The micro evidence collated by the IPN favours a downward slop­
ing empirical explanation. In a model th a t relies on the effects of the state 
to  explain price evolution a problem arises predicting a shock that, by its 
nature, is unpredictable. Although state changes undoubtedly affect price 
change decisions, a good micro founded price mechanism should help us not 
only explain the stylized fact, but predict it, something th a t a time depen­
dent model encompassing forms of industrial heterogeneity could provide 
us with. The model suggested in this Chapter attem pts to introduce the 
notion of immediate flexi price agents, mixed with the standard Calvo agent 
and rule of thumb agents. This may provide less or more persistence on a 
constant probability of price change, but will provide us with estimates of 
the size of the associated sectors.
4.1.3 R elaxing the A ssum ption o f H om ogeneity
Drawing monetary policy conclusions from the presented micro evidence 
requires structural models consistent with th a t evidence, but these models 
should also be analytically tractable.
Angeloni et al. (2005) suggest a basic Calvo model extended to  describe 
the heterogeneous factors above would not be a bad approximation. The 
difficulty is highlighting the im portant micro features, or states, th a t affect
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the macro outcome. Alvarez et al. (2005) show tha t a good description of 
the declining hazard rate can be achieved by mixing heterogeneous Calvo 
type agents. Carvalho (2006) suggests a model with multiple sectors with 
different degrees of stickiness.
The innovation of this chapter is to relax Calvo’s assumption of the ho­
mogeneous firm through stylization of the aggregate price mechanism to 
include three firm types; the first type facing perfect price flexibility, a sec­
ond with fixed or sluggish price change and the remainder awaiting the 
standard Calvo signal to change to their optimal price. By introducing 
heterogeneous firm types via the aggregate pricing mechanism we can not 
impose a non horizontal hazard function of price change, but can accommo­
date and estimate three sectors with different probabilities of price change, 
with the aim of encompassing the micro fact.
One such proposal to capture the differing probabilities of price change 
within the standard New Keynesian framework is presented below where 
a proportion C of firms face perfect price fluidity, a portion 77 face rule of 
thumb prices, and the remainder (1—( —77) follow a Calvo type price setting.
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4.2 A Simple New Keynesian Model
Our model is essentially a derivative of Gali (2002), with no capital and a 
perfectly competitive labour market. A cashless economy where homoge­
neous goods are produced by a final goods sector using CES technology. 
Price inertia in our model is explained using nominal rigidities a la Calvo 
(1983) and output inertia by habit formation in consumption. In the model 
output is driven from its natural rate by shocks to monetary policy, pro­
ductivity and government expenditure. Our innovation is the addition of 
flexible and rule of thumb price sectors, alongside the convenient Calvo 
explanation, to the aggregate price mechanism to control for the differing 
probabilities of price change highlighted by the recent evidence shown in 
the micro level literature on price change.
4.2.1 Preferences
The economy consists of a continuum of representative infinitely lived house­
holds whose instantaneous utility function is separable in consumption C t{ i )  
and labour supply N t { i ) .  As a result the first order condition for consump­
tion growth will be independent of labour supply effects, as is consistent 
with the observed relative stability of labour supply in the US. We use 
habit formation in consumption as a real persistence mechanism and to re­
duce the reliance on the Calvo contract explanation of inertia displayed in 
the US data. Following the results of Levine, Pearlman and Yang (2008) the 
inclusion of persistence in labour supply is omitted to avoid over enrichment 
of the model.
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The instantaneous utility function is given by
n C t - h C t - i Y - ’
\  1-CT 1 +  (/)/
where a  is the coefficient of relative risk aversion of households or the inverse 
of the intertemporal elasticity of substitution and ip is the elasticity of work 
effort with repect to the real wage or the inverse of the Frisch elasticity 
of labour supply. The parameter h  represents the proportion of external 
habitual consumption or desire to  herd.
Households seek to  maximize
subject to an intertemporal budget constraint of the form
r  <  B(_1 +  Wf +  7^  (4.2)
Jo
where P t{ i )  is the price level C t{ i )  the consumption of differentiated good, 
i. Households hold their wealth in the form of securities and accordingly 
Q t  represents the price of the riskless, one period, bond; B t  is the holdings 
of risk free bonds at the end of period t. W t  is the nominal wage and N t  
a measure of households employed in the aggregate. T t is the lump sum 
component of net dividend income and taxation.
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Maximising (4.1) subject to  (4.2) yields the familiar Euler equations:
*  (4,3)
Qt =  ^Et
(Q  -
{C t+ i — h C t )
{Ct — h C t - i ) J  Et+i
(4.4)
The first equation represents the household’s labour supply decision, equat­
ing the real wage with the marginal rate of substitution between consump­
tion and work effort. The second is the familiar Keynes-Ramsey rule which 
relates the expected future path of consumption to  the real interest rate.
4.2.2 Technology
Each firm produces a differentiated good i  with labour the sole input and 
identical exogenous technology A t  assumed to evolve over time. Aggregate 
supply, then, evolves according to the product:
Y t ( i )  =  4 4 , ( 4 . 5 )
In this CES production function the param eter (1 — a) is the elasticity of 
output with respect to labour. We also assume th a t the labour market is 
perfectly competitive and wages are fully flexible.
All firms face the isoelastic demand schedule
Ct
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The param eter e  is the elasticity of substitution between differentiated 
goods, or the elasticity of demand and P t = ( ^  P t ( i y ~ ^ d i J   ^  ^ is the Dixit- 
Stiglitz aggregate price index.
We assume th a t there is a probability of 1 — ^ a t each period tha t the 
price of each good, i, is set optimally. In an environment of monopolistic 
competition firms choose a price to maximise discounted future profits
d ^ E t [ Q t , t + k ( - P t * V t + k / t  — ' ^ t + k { y t + k / t ) ) ]
* fc=0
subject to the demand constraint
^  (^ )
which is derived from the maximization of the Dixit Stiglitz consumption 
index subject to to any given level of expenditure, see Appendix 4b. The 
expression T (^-) represents the implicit form of the firms’s cost function, P ^  
the firm’s target price and Q t  the discount factor for nominal payoffs. Note 
th a t the constraint faced by all firms is identical and therefore the price 
th a t they target will be the same.
The familiar solution to this problem can be expressed as:
Pt _ Y X = o  [Qt,t+kyt+k\ti^Ct+k\A-i,t+k]
Pi-i T,Z:iO'=Et[Qt,t+kYt+k\t]
Equation (4.6) expresses the relative target price for the optimizing firm 
as a weighted average of the expected path of current and future marginal
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cost.
Marginal cost can be defined as the ratio of the real wage to the marginal 
product of labour, written explicitly as:
MCt =
(1 -  a ) A t P t N r
For later use it is convenient to rewrite this expression, using (4.3) and (4.5):
“  (1 -  (4.7)
4.2.3 An A lternative Aggregate Price Level
Nominal rigidities are introduced in a manner consistent with much of the 
recent business cycle literature, using the model of Calvo (1983). Firms may 
reset their prices only when they receive a randomly set signal, generated 
with constant probability 1 — 9 in  any given period. Thus the remainder 
of firms th a t are unable to change price in any period can be considered 
the portion of rule of thumb price firms in the economy th a t leave prices 
unchanged in the preceding period. The aggregate price level thus satisfies
P t =  [ 0 { P t - i Y - ‘  +  (1 -  (4.8)
For later use, dividing through by P t - i ,  this expression becomes convenient 
to write as
/  p* \  i - e
n ; - '  =  e +  ( i - m  ( ^
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The aim of this chapter is to relax the assumption of homogeneous firms. 
By introducing a further two sectors to the baseline pure Calvo case we 
can accommodate the recently discussed evidence: imagine one sector of 
firms facing flexible price in all time periods and another with prices fixed 
to  the previous period. The remainder face the typical Calvo type price 
mechanism, we can not impose a downward or upward sloping aggregate 
hazard function of price duration upon the model and so the probability of 
price change will remain constant, but now include three different proba­
bilities. The notion of including different price sectors in a New Keynesian 
framework is not new. In fact, one such work involving the inclusion of a 
flexible and sticky price sector is described in Aoki (2001), who introduces 
the concept of a twin sector economy using a dynamic sticky price model 
in two sectors of production. To avoid model enrichment, this work takes 
a more parsimonious approach to capture the heterogeneous behaviour dis­
played by firms in the micro literature. This delineation can be achieved 
through a simple stylization of the aggregate pricing mechanism. Gali and 
Gertler (1999) split the aggregate price mechanism in this manner to  pro­
vide an explanation for a set of firms with backward looking behaviour to 
complement the standard Calvo agents in a model of this type.
To capture heterogeneity in price setting, imagine a portion (() of firms 
outside the Calvo set up which face perfect price fluidity, and a further set 
of firms Tj th a t face fixed prices and the remaining proportion of firms facing 
the Calvo type price setting as (1 — C — ?y). It is convenient to assume th a t 
(  G [0,1] and 77 G [0,1].
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Allowing this framework to capture these micro facts at the aggregate level, 
the aggregate price mechanism now becomes:
Pt =  [C(p;)'-' + v(Pt-iY-^ +  + (1 -  e ) { P : y - ‘)]
Note th a t in the trivial case th a t (^  =  7] =  0 , this price mechanism col­
lapses down to the baseline, later referred to as Model 3 and 3H, which 
is the case th a t would result from the aggregate price mechanism given 
previously. Also th a t these two parameters do not make up part of the ta  
which would represent some reduced form of the sum of the innovations. 
The identification using this estimation methodology is less prone to this 
criticism than tha t of, say, a partial equilibrium estimation.
Rearranging and dividing through by yields a similar expression for 
later use
R : -  =  (77 - K l  _  (  _  77)^) +  (( +  ( ! _ ( _  77)(1 _  ^  ) (4.9)
4.2.4 Equilibrium
The market clearing conditions in the goods market and labour market are 
given as:
Y t =  C t P  G t
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and
Y t  =  ^
where G t  is government expenditure met by changes in lump sum taxation, 
allowing us to dispense with the government budget constraint. Government 
expenditure can also be interpreted as the exogenous element of aggregate 
demand, and A t  productivity, the exogenous element of aggregate supply. 
In our model both variables are responsible for driving output away from 
its natural rate.
Equilibrium in the labour market requires th a t each household provides an 
amount of labour N t  which is equal to the sum of labour supplied to each 
firm.
Jo
Assume further th a t government expenditure is met by lump sum taxes, 
then, by Walras’ Law we can dispense with the government budget con­
straint or bond market equilibrium condition
4.2.5 The Log-Linearized M odel
A log-linearized zero-inflation steady state, where lowercase variables de­
scribe proportional deviations from the deterministic steady state is given 
below, see appendix 4B for full derivation:
Combine the linearized versions of equation (4.6) and (4.9) to get the
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Phillips curve:
The inflation equation shows how our parameters of interest C and rj co- 
govern the sensitivity of inflation to changes in marginal cost alongside the 
price stickiness param eter in the Calvo contract 6 . A larger value for ^ 
increases the slope of the Phillips curve whereas larger values of rj decrease 
the slope, as we would expect given the nature of the sectors th a t the pa­
rameters represent. It is worth noting th a t when C and 77 are both equal 
to zero this inflation equation collapses down to the baseline New Keyne­
sian Phillips Curve which would result from the standard aggregate pricing 
mechanism given by equation (4.8).
Marginal cost is given from the linearization of equation (4.7)
m c t  =  -  h c t - i )  +  ((/? +  a ) n t  -  a t
and equation (4.5) for aggregate supply
n t =  - r ^  {yt -  a t)
1 — Oi
See the appendix 4B for the derivation of the consumer’s Euler equation 
from (4.4)
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and from the goods market clearing condition we obtain
Q
y t  =  CyCt +  (1 -  C y)gt w h e r e  Cy =  —
In order to  introduce a simple analysis of monetary policy and to provide a 
channel for a monetary shock we use a simple Taylor rule. As is consistent 
with the literature and to generate persistence from monetary shocks we 
include a smoothing parameter p e , following from Clarida et al. (2000).
i t  =  P e i t - l  +  (1 — Pe){(l>TT'^t +  (j^yyt) +  ^ t
The linearized model is completed with three exogenous shocks: government 
expenditure, productivity and monetary. All processes follow first-order 
autoregressive processes with i.i.d normal disturbances:
9 t+ l — P g9t T  
a t+ l =  p a ^ t  +  ^a,t+ l 
O-t+l — P e^t +  ^e,t+ l
4.3 Bayesian Estimation
Bayesian estimation offers a useful tool to estimate and evaluate dynamic 
stochastic general equilibrium models. The aim of implementing this method­
ology is to characterize the posterior distribution of the model’s parameters
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conditional on prior beliefs of the estimated parameters, a distinct advan­
tage over other methods of estimating these structural models.
The posterior distribution is obtained by employing the Bayes rule:
gives the Bayesian relationship between the posterior density, p { 9 / Y ' ^ ) ,  the 
unconditional sample density, f  L ( Y ^ \ 9 ) p ( 9 ) d 9 ,  and the prior density, p ( 9 ) .  
The posterior density evolves from a weighted average of prior non sam­
ple information and the conditional densities. These weights are related 
to  the variances of the prior distributions and the data. A tighter prior, 
therefore, will result in a more constrained and perhaps less informative 
estimation. The parameters are estimated by maximizing the likelihood 
function and then combining with the prior distributions of the parameters 
in the model, to form the posterior density functions. The posterior dis­
tributions are then optimized using Monte-Carlo Markov Chain (MCMC) 
simulation techniques. Under the Bayesian perspective, both the posterior 
distribution and the likelihood function can be utilized to obtain a proba­
bilistic interpretation of the estimated parameters. Another advantage of 
this methodology is the ability to make model comparisons, even where 
the models are not nested, using posterior odds analysis, conveying rela­
tive probabilities to competing models. We make use of log likelihood race 
statistics to compare our model fit with the case of the baseline model, 
where (  =  rj =  0 .
A  number of structural parameters are kept fixed during the estimation
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in order to identify them  separately. Obviously our estimation results are 
sensitive to this calibration; but we justify this by assuming these values are 
estimated, equivalently, with a prior th a t exhibits a zero standard deviation. 
For our calibrated values we proceed in a manner which is consistent with 
quarterly data observations. For the preference parameters in our model 
we assume values commonly found in the business cycle literature. The 
discount factor /? is set to 0.99 which is congruous with a real interest rate 
of about 4%. The elasticity of labour supply (p is set to unity, following 
Christiano et al. (2005), which is between the more commonly used values 
in DSGE models and those estimates in the micro labour literature. The 
elasticity of demand, c, is a crucial param eter in our analysis as it primarily 
governs the sensitivity of inflation to marginal cost. Ellis (2006) provides 
empirical evidence of this parameter which is rather sensitive to model spec­
ification and remarks th a t assuming a constant value may be too restrictive, 
an observation addressed by Smets and Wouters (2003) who model the elas­
ticity as a time varying stochastic process. However, our analysis assumes 
a constant markup and accordingly, we set this param eter to 6, following 
Blanchard and Gali (2010) although this is markedly lower than th a t used 
by Krause et al. (2008) who set it high to address the sensitivity to  marginal 
cost. The labour income share in the production function (1 — a) is set at 
0.70. The distinguishing parameters of Models 1 and IH are the proportion 
of flexi price firms, (, and the proportion of rule of thumb price firms, 77. 
Both of these parameters are arbitrarily set with prior means of 0.30 and 
standard deviation 0.2. The posterior mean of these parameters will provide 
us with an estimate of the size of the flexi and rule of thumb price sectors
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in the US.
The data used for the estimation is US quarterly macro economic time 
series: real GDP, GDP deflator and the nominal interest rate from 1970:1 to 
2004:1. As the log linearised steady state solution represents deviations from 
their natural rate, time series are detrended using a linear trend and con­
verted to  quarterly rates. The choice of prior distributions for the Bayesian 
estimation of DSGE models m atters both for posterior values and for model 
comparison. The views on priors varies considerably among commentators 
and, unfortunately, the facts described by the aggregate data  are unable to 
discriminate amongst these views. One approach, suggested by Del Negro 
and Schorfheide (2008), to aid with this discrimination is the use of micro 
data studies, but work still needs to be done to  show how the facts displayed 
by the micro data  should relate to the macro picture, where much micro 
deviation is washed out in aggregation. As a result we are left to draw on 
the existing literature for the prior speciflcation. The means and standard 
errors of the technology and government spending shocks are set with a 
mean of 0.85 and standard error 0.07, (monetary shock 0.75, 0.15). The 
corresponding innovations are harmonised, as in Smets and Wouters (2007) 
and consequently share a mean of 0.25 (monetary shock 0.05) and standard 
error of 2.00. The risk aversion parameter we also follow with a mean of 
1.50 and a standard error of 0.375. For monetary policy we follow Levine, 
Pearlman and Yang (2008) so tha t the interest rate smoothing parameter 
has a mean of 0.75, an inflation feedback consistent with a robust FED 
response to inflation of 1.70 and an output feedback mean of 0.50.
We estimate the following model variants: The restricted models with
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h  =  0  (Models 1 to 3), Model 1 with the parameters of interest, (  >  0 and 
ry >  0, Model 2 with C =  0 77 >  0 and the baseline case. Model 3, with 
^ =  77 =  0. The unrestricted models (Models IH to 3H) follow the same set 
up, but with h j ^ O .  The estimation is carried out in DYNARE (Matlab ver­
sion) programme, see Juillard (2006) and the resulting posterior means and 
confidence internals can be found in Table 2. The estimated risk aversion 
param eter is greater than one in all unrestricted models, particularly Model 
IH (1.558) and Model 2H (1.618) as is consistent with empirical evidence. 
The parameters characterizing monetary policy are stable across all models 
and close to  the prior means; in particular describing a predictably strong 
response from the Federal Reserve to the deviation of inflation from target. 
The interest rate smoothing param eter p i is substantial as is the persistence 
of the productivity and demand shocks, consistent across all models. The 
monetary shocks are much less persistent than  expected in all restricted 
models, questioning their ability to contribute towards fluctuations in the 
business cycle, but considerably more persistent for the unrestricted models 
with innovation and habitual consumption, (Models IH and 2H), a finding 
consistent with Carvalho (2006). The estimate for the size of the rule of 
thumb price sector is between around 55% and 70% depending on model 
speciflcation. The estimate for the flexible price sector is around 6.5% and 
consistent across the restricted and unrestricted models (Models 1 and IH ). 
The bottom  line of Table 2 reports the log marginal density of the estimation 
of each model, indicating a preference for Model 2H, with habitual consump­
tion and rule of thumb price sector. The most striking result, however, is 
given when comparing the Models with flexible price sector innovation and
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the baseline case. W ithout habit the baseline (Model 3) is preferred to the 
model with full innovation (Model 1). W ith habit this result is reversed 
and the model with full innovation is preferred (Model IH). In summary, 
the innovation improves the model fit when provided with an alternative 
channel to emulate the inertia displayed in the data  and also addresses the 
issue raised by the micro level literature, capturing different probabilities of 
price change.
4.4 Conclusion
In this chapter we have discussed the Calvo contract pricing mechanism, 
which has become the most widely accepted microfoundation to the NK 
Phillips curve, and its prediction of a fiat hazard rate caused by the as­
sumption of homogeneous firm types. To better explain the stylized fact 
displayed in the micro data this chapter relaxes this homogeneous firm as­
sumption.
W ith this aim in mind we have estimated a baseline New Keynesian 
DSCE model adapted to  account for a flexible price sector, similar to tha t 
described in Aoki (2001), albeit with a different motivation; and a fixed 
price sector to account for firms tha t are unable to change price in each 
period. The inclusion of these sectors is motivated by recent literature tha t 
suggests th a t firms face differing probabilities of price change in an economy 
as discussed in Alvarez et al. (2005) and Carvalho (2006), amongst others. 
These innovations in the aggregate price mechanism also allow for the con­
trol of heterogeneity in price setting implied by this recent microeconomic
127
literature with the additional benefit of providing an estimate of the size 
of these sectors. The results predict the size of the flexible price sector to 
be around 6.5% and the size of the rule of thumb price sector to be around 
55% to 70%. The estimate of the former being consistent across both model 
specifications.
The inclusion of a flexible price sector in the restricted model gives an en­
tirely predictable outcome of a worsening of fit, when compared to the base­
line case, as the model specification relies solely on sticky prices to explain 
the inertia displayed in the data. Most interestingly, this result is reversed 
when accounting for persistence in output and a model with both innova­
tions is preferred over its baseline counterpart, suggesting an im portant role 
for the sector in the allocation of inertia in the model. Furthermore, con­
trolling for heterogeneity in this manner, provides a result consistent with 
Carvalho (2006), who consequently finds greater persistence in monetary 
shocks. Most importantly the innovation provides an alternative to the ho­
mogeneous firm type in the Calvo contract, capturing differing probabilities 
of price change reflected in the micro level literature. Microfoundations to 
general equilibrium models should fit the data th a t they are trying to predict 
rather than solely provide an answer to the Lucas critique and an improved 
overall model fit. This work is a tentative and parsimonious attem pt to 
address this problem.
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4.A Tables
Description Notation Prior Mean Density Std. Dev.
P r e fe r e n c e  P a r a m e te r s
Risk Aversion Parameter cr 1.5 gamma 0.37
I n n o v a t i o n s
Proportion of Flexi Price Firms c 0.3 beta 0.20
Proportion of Rule of Thumb Firms V 0.3 beta 0.20
Habitual Consumption h 0.7 beta 0.20
S h o c k s
Persistence in Technology Pa R85 beta 0.07
Persistence in Government Spending Pg 0.85 beta 0.07
Persistence in Monetary Shock Pe 0.75 beta 0.15
Sd of Technology Shock Ca 0.25 inv. gamma 2.00
Sd of Demand Shock ^9 0.25 inv. gamma 2.00
Sd of Monetary Shock 0.05 inv. gamma 2.00
M o n e t a r y  P o l i c y
Interest Rate Smoothing Pi 0.75 beta 0.14
O utput Feedback Parameter Py 0.5 normal 0.05
Inflation Feedback Parameter P tt 1.7 normal 0.10
Table 4.1: Parameterisation of the Model
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4.B Derivation of the Model
4.B.1 Households
Households maximise:
OO
E o Y , l ^ * U { C t , N t )
i=0
where C t and N t  represent consumption and labour in period t  and (3 is the 
discount factor.
However, in order to introduce, i, differentiated goods, C t  is now a con­
sumption index given by
G =  (
where e  is the elasticity of substitution, or the elasticity of demand 
The budget constraint now takes the form
[  P t { i ) C t { i ) d i  -f- Q t B t  <  B t - i  +  Hf-Yt +  T t  
J o
To derive the demand equations we maximise consumption,(4.2) subject to 
any given level of expenditure, say
' f ^ ( 2 ) Q ( #  =  Zt
0
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Formally we write the Lagrangian as:
The first order condition
d L
=  0
d C t i j )
produces only one first order condition in A
for a second good, j ,  we can write the above again
=  APeÜ)
to substitute out A which produces an Euler equation:
P ii')
Substituting this into the expression for consumption expenditure, gives
m
[  Pt(i)CtU)
Jo P t ( j )
d i  =  Z t
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Extracting constants and rearranging
Simplifying
or
C t U ) p , u y  f  =  Z t
Jo
C t ( j ) P t W P t ‘  ^ =  -Zt
restating in good i  gives optimal consumption of good, i.
Substituting into the definition of the consumption index gives
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Extracting constants and simplifying
'G f  m r
Jo
=  p r ^ z t  I  p , ( i ) - ‘ d i
Ct =  Pt-^Zt 
Z t  =  P tC t
or the level of expenditure in the economy is equal to the price level multi­
plied by aggregate consumption.
As Z t  is the given level of expenditure it follows tha t
•1
Jo
Finally, substituting into the expression for optimal consumption of good, 
i, yields
P i )  P t
which simplifies to the consumers demand equation
—e
Q(4 = 14#  I Ct (4.10)
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Households maximise
E o Ÿ , ! i * U { C u N t )
i=0
subject to
PtCt +  Q t B t  <  B t - i  +  W t N t  +  T t
which can be re-written
^  , Q t B t  B t - i  W t N t  T t
Formally we can write the Lagrangian
OO y
L  =  E t Y l [ 0 ' [ U { C t + i , N t + i ) ] - \
i=0 ^
C t+ i +
Qt+iBt+i Bt+i-i Wt+iNt+i Tt+i
PfA-it+  -r t+i Pit+i J t+iPfA-i
with first order conditions
L c  =  E t  [S^Uc,t+ i +  ^ t+ i]  =  0
B n  — E t lJ^Un,t+i — ^ t+ i
Bb =  E t
\ Qt+i \
'^t+i~7^------- J^t+i+1
Pt+i
1
=  0
=  0D -L-rt-TJ. JD
^ t+ i  Jf+i+lj
Equating B e  and B n  gives the Euler equation for labour supply
Un,t _  1 ^
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Substituting L e  into gives the Euler equation for consumption
E i
1 P f
i+ l .
=  E t
or
Qt =  13 Et
Assuming a period utility of
Ec,t+i Pt
. C^,t Pt+1.
(G  -  h C t - t Y - ’
1 — cr 1 +  ^
The consumer’s optimality conditions thus become
N r
Qt =  /3Et
{Ct — hCt-i) J Pt+i
To linearise the first optimality condition rearrange the first optimality con­
dition
=  i v f ( G  -  h C t - i Y
Pt
Taking logs of both sides
W t ~ P t  =  ^ l o g N t  +  c r lo g {C t -  h C t - \ )
If we write Zt =  W t — p t  then a simple Taylor first order approximation
If Z t  =  F ( Q t .  U i  l i t )  w ith  steady  s ta te  values Q, Y, M C ,  II then  a  Taylor approx im ation  to  Z t  can be given
by F ( , Q t , Y t , M C t , n t )  £i F { Q ,Y ,  M C , I I )  + FQ ^Qt -  Q) + F y { Y t  -  Y )  + F M c i ^ ^ C t  -  M C )  +  F n ( U t  - H ) .
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yields
Zt =  p l o g N  +  c r lo g iC  — h C )  
[ lo g C t -  lo g C ]
d lo g C t
d z t
d lo g C t - )
\ l o g C t - i  — lo g C ^
Evaluating the derivatives at the steady state
d z t  d z t  d N t
d l o g N t  d N t  d lo g N t ' ^ N
N  =  p
d z t  _  d z t  d C t  
d lo g C t  d C t  d lo g C t
d z t___________   dzt d C t-i
d l o g C t - i  d C t - i  d l o g C t - i
(1 -
- h
C  =  a
1 - h
(1 — h ) C  _
C  =  — O’
1 — h
Substituting the derivatives into yields
Zt =  p l o g N  +  o l o g i C  — h C )
Simplifying
\ l o g N t  -  lo g N ]
P W ^  _  [ lo g C t — lo g C l  
+[~cr^ _  [ l o g C t - i  — lo g C ^
o  a h  .
v J t - p t  =  p n t  +
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from which we can write the linearised labour supply optimality condition.
w t - p t  =  p n t  +  -  h c t - \ )
To linearise the second optimality condition, first rearrange the second op­
timality condition:
E tH t+ i  =
\ ( Q  — h C t - i )
Taking logs of both sides
E t[ ^ t+ i]  — lo g P  — lo g Q t  — a l o g E t  [ (C t+ i — h C t) ]  +  a l o g E t  [{C t — h C t - \ ) \
If we write Zt =  Et[T^t+i] then a simple Taylor first order approximation 
yields
Zt — lo g P  — lo g Q  — a l o g E t  \ { C  — hC)j T  a l o g E t  \ { C  — /2C)] 
d z
dz  -
dz
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Evaluating the derivatives at the steady state
d z t  _  d z t  d Q t  
d lo g Q t  d Q t  d lo g Q t
Q  =  - l
d z t  _  d z t  d C t+ i  
d lo g C t+ i  d C t+ i d lo g C t+ i
— a c
1
d z t  d z t  d C t
d lo g C t  d C t  d lo g C t
- h  1
—a —  r r ^  +  a -
(1 — h ) C  (1 — E ) C  _
C  =  a
1 — h  
I  h
1 — h
d z t  d C t - i ■h
(1 — h ) C  _
C  =  — O’
h
1 - hd l o g C t - i  d C t - i  d l o g C t - i  
Substituting the derivatives into Zt, and noting th a t the third and fourth 
terms sum to zero, yields
Zt =  lo g S  — lo g Q
+£'f[—1] [ lo g Q t — lo g Q ^
+E f[—cr^ _  [ lo g C t+ i — lo g C ^
+ E f [ c r i ^ ]  [ lo g C t -  lo g C ]  
-{-E t[—o_^ ^  [ l o g C t - i  — lo g C ]
Simplifying and noting tha t E { c t )  — Ct and E(cf_i) =  q _ i at f +  1
E t[T^t+ ^ — —p  +  i t  — _  ^ ) c t  +  (—cr-j—^ ) c f - i
from which we can write the linearised consumers optimality condition.
Q =  T T TTT^-i +  /I .  L , , \ [4 — Et[7Tt+i] — p]+  (1 +  h) <J (1 +  h)
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4.B.2 The Firm
Each firm produces a differentiated good,z, with identical technology, A t ,  
represented by the production function
Yt{i) =  AtNt(i,y-'‘ (4.11)
All firms face the isoelastic demand schedule given previously
0 ( i ) = ( 4 ^ |  C t
Each firm may reset its price with constant probability 1 — 0 in any given 
period, a la Calvo (1983). Thus
P t =  [ e i P t - i f - ^  +  (1 -  9 ) { P t 'Y - ^ ] ^ >
Dividing through by P t - i  yields
n ) - '  =  0 +  ( i - e ) f ^ j  (4.12)
Alternatively imagine a portion (() of firms outside the Calvo set up which 
face perfect price fluidity, and a further set of firms 77 th a t face fixed prices 
and the remaining proportion of firms facing the Calvo type price setting 
as (1 — (  -  77). It is convenient to assume th a t (  G (0,1] and 77 G (0,1].
Allowing this framework to  capture heterogeneous price setting at the ag­
gregate level, the aggregate price mechanism now becomes:
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Pt = [ap:Y~^+ v{Pt-iY- ^ +(1 -  c -  >7) {0{Pt-iY- ^+(1 -  0yp: y ~^ )]
Rearranging and dividing through by yields a similar expression for 
later use
=  (^  +  (1 — C “  v W )  +  (C +  (1 — C “  ^ ) ( i  -  ^ ))  (4-13)
Define =  lo g U t and p t  =  lo g P t  then we can linearise the aggregate price 
index around a zero inflation steady state
TCf =  ((  +  ( l - ( - ^ ) ( l -  ^ ) ) { V t  -  V t - \ )  (4.14)
4.B .3 Optimal price Setting
Firms choose a price to  maximise
CX»
E t [ Q t , t + k [ P t y t + k / t  — ^ ^ t + k i Y t + k / t ) ) ]
‘ fc=0
subject to the demand constraint
P
— £
Yt+k\t ““  y p  (4-15)
note tha t costs, '^ t+ k { Y t+ k ft)  are written as an implicit function of Yt+ k
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also that
simplifying
^ U k \ t
The first term  in our argument, P ^ Y t+ k \u  can be written as
with its derivative
t+ k
or simply
^ P j  ^ t+ k \t — (1 — s )Y t+ k \t
These expressions help us to  understand how we can write the F.O.C as
((1 -  -  ^ y t + k \ t { P t T ' % + k ( y m , ) ) ]  =  0
k=0
Multiplying through by P /‘/ ( l  — e)
\Q t,t+ k  ( p : y , + k \ t  -  
k=o L V / .
=  0
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and simplifying
\Qt,t+kYt+k\t ( p ;  -  
k=0 ^ / -
0
If the frictionless mark up, jM =  ^  and nominal marginal cost is expressed 
as 'ilJt+k\t =  then
oo
Y l  e ’‘E t  [Q t,t+ kY t+ ,it { P :  -  =  0 (4.16)
fc=0
Dividing through by P t - i  and letting =  P t+ k /P t
Ÿ e ’‘E t
fc=0
Qt,t+kYt+k\t
p :
P t - i
A i M C t + k \ t ^ t - i , t + k 0 (4.17)
where M C t+ k \ t  =  '^ t+ k \t/P t+ k  is real marginal cost
Around the steady state we have tha t P ^ / P t - i  =  1 and U t- i , t+ k  =  1, ie 
constant prices, P ^  =  P t+ k  from which it follows that, in the steady state, 
Y  =  Y t+ k\t , M C  =  M C t+ k \ t and Q t,t+ k  =
To linearise the firm’s price decision first we rewrite:
Pf _  [Qt,t+kYt+k\tJ^Ct+k\t^t-l,t+k]
Pt
We can linearise the firm’s optimal price by first taking logs of both sides
P t P t—\  — lo g A 4 .-\- lo g  ^   ^6 E i  ^ Q i^ i^ k ^ t+ k \ t^ P 't+ k i t '^ t—ift+ kl ^^9  ^  ^  P t
k=0 k=0
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If we write Z t =  p i  — p t - i  then a simple Taylor first order approximation  ^
yields
Zi =  lo g M .  +  lo g  ^ 2
k=0
oo
- l o g Y s ' ‘E t [ l } ’‘Y ]
k=0
k=0
oo
^ lo g Q t, t+ k  
d z ,
[logQt,t+k -  logP^]
+E ® «
dzf.
fc=0
oo
dlogMCt+k\t
d z t
dlogIit-i,t+k
lo g M C tJ t.k \t —
Evaluating the derivatives at the steady state
d z t   dzi 9 Qt,t+k
dlogQt^ t+k 9Qt,t+k l^ogQt,t+k
O ' Y j i
g k y
13’= =  0
d z f d z ,  d Y ,t+k\t
dlogY,+k\t dYt+k\t dlogYt+k\t
d z .
g k p l
Y  =  0
______________  dzj dMCt+k\t
dlogMCt+k\t dMCt+k\t dlogMCt+k\t
d z f  _  d Z j d U t- i , t+ k  
dlogTlt-i^ t+k dUt-i,t+k dlogllt-i^ +k
g k p k y
1 =
[ T , k ^ 9 > ‘p i = Y j . Y \
Substituting the derivatives into, and noting th a t the first three terms in Zt
If Z t  =  F (Q t, Vt, M C t ,  Ht) with steady state values Q, Y, M C ,  II then a Taylor approximation to  Z t  can be given
by F ( Q t , Y t , M C t , ' n t ) ^  F { Q , Y , MC , U )  + Fq^Qt  - Q )  +  f y ( l t  -  Y)  + FMci . MCt  -  AfC) +  i=’n ( n t  -  H).
“^using Efcio“'“ = r^-
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sum to zero yields
oo r - -1 OO
k g M Q + ,|, -  lo g —  + ^ ( l - g / 3 ) ( e V ) E .  [p,+t -  p,_i]Pt
k=0 k=0
Simplifying
oo
p ; - P t - i  =  { i - e p ) Y { s V ) E t
k=0
Define m c l+ k \t =  'n^Ct+k\t ~  as the deviation of log marginal cost from 
its steady state value, m e  =  —pi, where pi =  lo g M .  is the log of the desired 
gross markup, then
Ptt ~  P t- i  — (1 — '^ ^ {^ P T P t [hiQ+fc|f +  Pt+k — P t-i]
fc=0
4. B . 4 Equilibrium
Market clearing in the goods market requires:
Yt =  Ct Gt
which linearizes to
C
Vt  =  CyCt +  { l -  C y ) g t  w h e r e  Cy =  y
Equilibrium in the labour market requires th a t each household provides 
an amount of labour N t  which is equal to the sum of labour supplied to
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each firm.
N , = (  N t { i ) d i  
Jo
Using the production function and the consumers isoelastic demand sched­
ule
~L A t
Nt j: I  V.\%V At d i/
A'f =  I - r  I J  ( — I d i
We can define a measure of price dispersion as
d t = (1 -  (x ) lo g  [  
Jo p ,
d i
thus we can rewrite the previous expression
Y t \ ^
to arrive a t the aggregate output equation we can linerise the above expres­
sion by rewriting
1 =  e x p { Vt + A - n . )1 — a  1 — a  1 — a
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Using our linearisation result gives the equilibrium output relation
r i t { l  — a )  =  y t  — c L t d t
assuming th a t price dispersion is close to zero around the steady state we 
have
m 4- (1 -  a)rit (4.18)
4.B.5 M arginal Cost
Define the economy’s average marginal cost as the difference between the 
log real wage and the log marginal product of labour.
Remember
Y t{ { )  =  A t N + f - "  
thus the marginal product of labour, MPN
M P N  =  (1 -  a ) A t N t { i ) - ^
Taking logs
mpn =  at — ant +  log{l — a)
Marginal Cost
mct =  {wt — Pt) — mpn
mct =  {wt -  Pt) -  {at -  ant) ~  log{l -  a)
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The aggregate relation, (4.11) can be written
n t  =  -  cLt)
{a t -  a n t )  =  ~
The real marginal cost for a firm th a t last reset its price in period,t, can be 
written
m c t+ k \t — {w t+ k — P t+ k) — ~  ocyt+k\t) — l o g { l  — a )  (4.19)
Note we can take our equation for m c t  forward by k periods and combine 
with the above (4.20) to get
n ic t+ k \t =  m,Ct+k +  Y 2  ^  {~ V t+ k  +  Vt+ k\t)
Prom the equilibrium condition and the demand schedule we have 
{vt+ k\t — V t+ k) =  — s{p *  — P t+ k)
SO t h a t
£Œ
m c t+ k \t =  m c t+ k  +  {p I  ~  P t+ k) (4.20)
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4.B.6 The Phillips Curve
substitute (4.21) into the firms price setting decision
Pt — P t - i  — (1 — ^ (^ /^ )^ P f m c t+ k  +  — {Pt ~  Pt+k) +  Pt+k — P t - i
k=o ^
Collecting terms and rewriting
oo
Pt ~  Pt-1 =  (1 ~  ^P) '^^(^P)^-^t [Cmcf+fc + P t+ k  — P t-i[
k=0
where 0  =
Rewriting
oo oo
p; -  Pt-1 =  (1 -  $0)9 +  (1 -  00)
fc=0 k=0
Forward one period
oo oo
P t+ 1  ~ P t  =  0- — O p )Q  ^ ^ { 6 P )^ E t+ i in c t+ i+ k  +  (1 — ^ P )  P )^E t+ iT T t+ i+ k
k=0 k=0
Taking expectation and combining these two equations yields
P t ~  P t-1  =  /^^Pf(Pf+i ~  P t) +  (1 ~  9 P ) Q m c t  +  TTf (4.21) 
Combine (4.22) and (4.12) for the NK Phillips curve
149
note this can be compared to the case of (  =  0, the baseline New Keynesian 
Phillips curve.
7Tf =  P E t{T ^ t+ i) +  i m c t  (4.23)
where 7  =
Following Clarida (2000) we use the following Taylor monetary policy 
rule:
i t  =  p i t - 1  +  (1 — P){4>Tr'i^t +  (pyÿt) +  Cf
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Chapter 5
Concluding Remarks
In this thesis I have presented three essays in the research area of inflation 
dynamics and labour market frictions. Each essay, presented as chapters 2, 
3 and 4, attem pts to answer its own specific economic question connected 
by the theoretical relation of the Phillips curve. Chapter 2 asks the ques­
tion of whether or not working hour restrictions affect unemployment in 
the long run. The following essay, in Chapter 3, investigates the possibility 
th a t differing labour market characteristics can be captured by a simpli­
fied Phillips curve relation founded within the NK theoretical framework. 
Chapter 4 concerns itself with an explanation for heterogeneity in firms 
price setting behaviour to challenge the homogeneous firm type assumption 
in the Calvo contract and asks if introducing this heterogeneity can improve 
the fit of the New Keynesian model to the data  in the US.
More specifically, in Chapter 2 I have used the theory of the Phillips 
curve with the empirical methodology of the Kalman filter to investigate 
the long run effects of the working hours restriction on the long run level of
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unemployment, represented by the NAIRU in our analysis. I use a triangu­
lar version of the Phillips curve, so called for the convenient representation 
of demand, supply and inertia in the economy which is admittedly ad hoc 
and chosen for convenience. The estimation uses French unemployment, 
inflation, import price and oil price data between 1978 and 2006 and the 
resulting profile of the French NAIRU is then analysed around the introduc­
tion of these restrictions. The working hour literature to  date has focussed 
mainly on the immediate affect on unemployment of the introduction of 
the working hour restriction and found to  be mainly inconclusive and am­
biguous. In our analysis the profile of the estimated NAIRU suggests a 
fall in the natural rate of unemployment shortly after the announcement of 
the Aubry law WHRs in 1998. The Zivot Andrews test, given the endoge­
nous choice of the break point, supports this observation by indicating a 
break shortly before the announcement of these laws which were designed 
to  enforce this labour market policy. We must, however, remain mindful 
of what inferences we can draw from a series, such as the NAIRU, which 
is essentially estimated, and lends a certain amount of abitrariness to our 
investigation. This is an interesting result for this labour market policy, 
nevertheless, and contrasts with the findings of Estevao and Sa (2006) and 
others who have found tha t the WHR failed in its immediate aim. The pro­
file of the inferred NAIRU also highlights the different manner in which the 
announcements were made leading up to these restrictions. Consistent with 
Crepon and Kramarz (2000), the profile of the estimated NAIRU highlights 
the difference between an unexpected announcement of the WHR and an 
expected one, namely tha t unemployment reacted negatively to the unex­
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pected WHR and positively to the subsequent expected restriction. The 
estimated NAIRU reflects these ‘reactions’ more markedly than the unem­
ployment series alone. I t is also worth considering th a t the changes in the 
NAIRU around the time of the policy introductions may well be due to 
other factors in the economy from the demand side. Our analysis only 
factors out supply side shocks. Unfortunately the methodology relies on 
testing a series, notorious for its volatility in estimation and so tha t any 
support this study offers to those th a t would advocate this labour market 
policy could only be described as weak. In summary, I have found th a t an 
estimated NAIRU for France questions the findings of recent literature in 
this field, namely th a t this labour market policy has little effect on the rate 
of unemployment. Clearly the methodology utilized lends an arbitrariness 
to our analysis and we should be mindful th a t this analysis provides us with 
a weak result, th a t the natural rate of unemployment fell after the expected 
introduction of WHRs in 2000. This research is, however, one of the first 
investigations into the long run effects of this labour market policy.
Chapter 3 brings together our interest in unemployment and the repre­
sentation of inflation dynamics. This essay asks the economic question of 
whether or not differing labour market characteristics across the EU and 
the US can be explained using a Phillips curve specified so th a t inflation 
is driven by unemployment and productivity. As the more recent New 
Keynesian macro models are now exploring the inclusion of labour mar­
ket frictions as a source of inertia, the New Keynesian Phillips curve now 
follows its founding specification, describing inflation dynamics in terms of 
unemployment. This introduction of labour market frictions, or unemploy-
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ment, allows the equilibrium model to capture ‘sticky’ marginal cost, and 
provides an alternative channel for inertia to th a t of nominal wage rigidity. 
There are also im portant normative implications for the inclusion of this 
labour market inefficiency as it is well understood th a t the central bank 
is likely to monitor the labour market closely, given its accepted contribu­
tion to the business cycle. Including a labour market driven explanation of 
marginal cost has, therefore, im portant repercussions for modern macroe­
conomic modelling. In collaboration with my supervisor I have presented 
another Phillips curve, this time derived inside a fully specified New Keyne­
sian general equilibrium model, and with unemployment driving inflation, 
taking into account the labour frictions discussed above. To answer our 
question, which concerns country specific labour market characteristics, we 
estimate the Phillips curve using GMM technology. We find that, using the 
size of our estimated parameters, for the United States the labour market 
is predicted as more fluid, or flexible, and for the Euro Area as sclerotic, or 
more rigid by comparison. Furthermore, we find th a t labour productivity 
has a higher effect on inflation in the EU than in the US, which is consistent 
with a higher degree of real wage rigidity in Europe. In summary we have 
drawn inference from the relative magnitude of the coefficients on contem­
poraneous unemployment and the change in unemployment and find th a t it 
is indeed possible to  capture the differences between the US and EU Area 
labour markets. Recent literature in this area has contributed to the recent 
consensus, th a t labour market frictions indeed m atter for the determination 
of inflation dynamics. The inclusion of these characteristics in the determi­
nation of marginal cost, and thus inflation, also has im portant consequences
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for modern macro modeling, especially with respect to how inertia th a t we 
observe should be represented and channelled accurately in those models.
Chapter 4 investigates the price setting behaviour of the firm in a New 
Keynesian theoretical framework. To date there remains little consensus on 
how heterogeneity in price setting, highlighted in the micro level literature, 
should be modelled. The Calvo contract pricing mechanism has become the 
most widely adopted microfoundation to the NK Phillips curve but predicts 
a flat hazard rate caused by the assumption of homogeneous firm types; a 
result which contradicts much of the recent business cycle literature on price 
change. This contradiction, provided by the predictions of the Calvo con­
tract, and the actual facts described in the micro level literature provide the 
main motivation to the research in Chapter 4. Consequently, this chapter 
offers an innovation to capture these effects through an adaptation of the 
aggregate pricing mechanism. To better explain the stylized fact and to  ac­
curately model the persistence in a structural manner this chapter relaxes 
the homogeneous firm assumption in the Calvo contract in an attem pt to  
provide a macroeconomic model more consistent with this recent evidence. 
I develop a New Keynesian dynamic stochastic general equilibrium model 
for the US with sticky prices, and consumption in habit in the unrestricted 
case, which is estimated using Bayesian techniques. We find th a t a simple 
baseline model tha t incorporates heterogeneous price setting can improve 
overall fit, or the ability to describe the inertia within the data, depending 
on the specification chosen. Our estimates predict a flexible price sector in 
the US of around 6% and a rule of thumb sector of around 55-70%. The 
inclusion of a flexible price sector in the restricted model gives an entirely
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predictable outcome of a worsening of fit, when compared to the baseline 
case, as the model specification relies solely on sticky prices to explain the 
inertia displayed in the data. Most interestingly, this result is reversed when 
accounting for persistence in output and a model with both innovations is 
preferred over its baseline counterpart. These results suggest an im portant 
role for the sector in the allocation of inertia in the model. Furthermore, 
controlling for heterogeneity in this manner, provides a result similar with 
th a t of Carvalho (2006), who finds greater persistence in real effects to mon­
etary shocks. Microfoundations to general equilibrium models should fit the 
data  tha t they are trying to  predict rather than solely provide an answer to 
the Lucas critique and an improved overall model fit, though it could be said 
th a t the Calvo contract does not address Lucas’ criticism in the first place. 
To summarise. Chapter 4 centers around the representation of heterogene­
ity in price setting. From a baseline New Keynesian model, the aggregate 
price mechanism is set up to  capture recent micro evidence on price setting. 
Most importantly I have shown th a t this can be achieved in a more par­
simonious manner, than th a t suggested by other authors in this field, and 
consequently estimated the size of the two pricing sectors introduced to the 
model. The results predict the size of the flexible price sector to be around 
6.5% and the size of the rule of thumb price sector to be around 55% to 
70%. The estimate of the former being consistent whichever model type 
is chosen. These innovations have also been shown to improve the models 
ability to describe the data, when accounting for output persistence as an 
alternative channel to explain the observed inertia.
Now th a t we have discussed how each economic question has been an­
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swered in this research, all th a t remains is to discuss the contribution tha t 
this Thesis offers as a whole. All three chapters have shown, th a t the the­
oretical framework of the Phillips curve can be used for a wide variety of 
applications given its ability to describe inflation dynamics in terms of un­
employment, the output gap and marginal cost. Chapters 3 and 4 have 
demonstrated tha t innovations to models can be motivated by the stylized 
fact. Chapter 3 encompasses the country specific stylized fact displayed 
by the rigidity of labour markets of the EU and the US. Even though this 
has been shown before, the findings are consistent with previous work on 
this subject. Chapter 4 captures the stylized fact found by the micro level 
literature on the subject of the firm’s probability of price change and finds 
th a t this can be achieved quite simply. The question of whether or not all 
innovation should be founded in the micro level observation may not always 
be relevant, especially if the macro level outcome is neutral, or washes out, 
to such micro level consideration.
I hope th a t this research gives further foundation to recent evidence, 
th a t the micro level evidence m atters for aggregate dynamics in the general 
equilibrium macro models. The question over the correct channelling of 
inertia in the larger macro models remains unresolved, but it is clear th a t 
the micro evidence should be taken into account when innovating to capture 
th a t inertia rather than relying solely on some theoretical underpinning as 
an answer to the Lucas critique.
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